A systematic study of African Solanum L. section solanum (Solanaceae) by Manoko Katambo, Mkabwa Lawrence
PDF hosted at the Radboud Repository of the Radboud University
Nijmegen
 
 
 
 
This full text is a publisher's version.
 
 
For additional information about this publication click this link.
http://hdl.handle.net/2066/30032
 
 
 
Please be advised that this information was generated on 2014-11-20 and may be subject to
change.
A Systematic Study of African Solanum L.
Section Solanum (Solanaceae)
Mkabwa Lawrence Manoko Katambo
  
A Systematic Study of African Solanum L. Section Solanum 
(Solanaceae) 
 
 
Een wetenschappelijke proeve op het gebied van de  
Natuurwetenschappen, Wiskunde en Informatica 
 
 
Proefschrift 
 
 
ter verkrijging van de graad van doctor 
aan de Radboud Universiteit Nijmegen 
op gezag van de rector magnificus prof. mr. S.C.J.J. Kortmann 
volgens besluit van het College van Decanen 
in het openbaar te verdedigen op dinsdag 15 mei 2007 
om 15.30 uur precies 
 
 
door 
 
 
Mkabwa Lawrence Manoko Katambo 
 
 
Geboren op 21 november 1965 
te Geita Mwanza, Tanzania 
 
 
Promotor: 
prof. dr. C. Mariani 
 
Copromotor: 
dr. R.G. van den Berg (Wageningen Universiteit) 
dr. H.V. Lyaruu  (University of Dar es Salaam) 
 
Manuscriptcommissie: 
prof. dr. A.G.M. Gerats  
prof. dr. M.S.M. Sosef (Wageningen Universiteit) 
dr. S. Knapp   (Natural History Museum, London) 
 
 
 
Vormgeving: 
Gerard van der Weerden 
Omslag: 
Lidwien van der Horst, afd. Grafische Vormgeving 
Drukwerk: 
Printpartners Ipskamp, Enschede 
 
 
This study was partly funded by the NUFFIC MHO-ENVIRONS program, a project 
between the Faculty of Science of the University of Dar es Salaam (UDSM) and the 
Faculty of Science of the Radboud Universiteit Nijmegen (RUN), previously 
Katholieke Universiteit Nijmegen – KUN. The Faculty of Science at RUN took over 
the funding when the MHO-ENVIRONS project expired. 
 
 
Correspondence: manoko@udsm.ac.tz , lmanoko@yahoo.com 
 
© 2007 M.L.K. Manoko 
  
 
 
To my son Kennedy Katambo. 
 
You bear the name of the person who taught me to like and revere 
Education. 
 
Keep climbing. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Contents 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Contents 
Chapter 1  
Introduction          9 
 
Chapter 2 
AFLP markers support separation of Solanum nodiflorum from  
Solanum americanum sensu stricto (Solanaceae)    23 
 
Chapter 3 
New insights in the taxonomy of African tetraploid species of  
Solanum section Solanum (Solanaceae)      45 
  
Chapter 4 
A new tetraploid species of Solanum section Solanum  
(Solanaceae) from Tanzania       67 
 
Chapter 5 
Genetic diversity of Solanum scabrum Miller (Solanaceae)   75 
 
Chapter 6 
Relationships within Solanum section Solanum     93 
 
Chapter 7 
Systematic analysis of morphological characters and their 
value in the taxonomy of Solanum section Solanum    111 
 
Chapter 8 
Summary and concluding remarks      131 
 
 
 
Summary in Swahili and in Dutch       137 
Curriculum vitae         147 
Publication list         148 
Acknowledgements / Shukrani       149 
Appendix. Full colour figures from chapter 3, 4 and 6    151 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Introduction  
1
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Introduction   
11 
Within Solanum subgenus Solanum 17 sections are recognized. The section Solanum 
comprises about 50 cosmopolitan species (Child and Lester, 2001), mostly herbs, sometimes 
with stems woody at the base, and some shrubs. The section is often referred to as the 
Solanum nigrum complex. In 1753 Linnaeus first described S. nigrum (with its six varieties), 
since then species of this section were reclassified over and over, till recent days. The 
taxonomic complexity of this section is caused in part by the phenotypic plasticity of the 
species, the genetic variation existing between populations of the same species, their ploidy 
levels ranging from diploid to hexaploid, and finally their naturally occurring inter-specific 
hybridization (Edmonds and Chweya, 1997). Species of this section were extensively 
characterized by Edmonds who used over 50 characters in a morphological analysis of 
South American species (Gray 1968; Edmonds 1972; Edmonds and Chweya 1997). 
 
In summary, species of the section Solanum display the following characters: 
Stems are cylindrical or angled with ridges, sparsely to densely pubescent, with simple 
multicellular hairs, multicellular, with or without glandular heads. 
Leaves are simple, petiolate, and can be solitary or in triplets. The shape may be ovate to 
lanceolate, with entire to sinuate-dentate margins and cordate or cuneate bases, apices are 
acuminate to acute, or obtuse. Hairs can be glandular or eglandular. 
Inflorescences are cymose or cymose-umbellate, helicoid or complex to lax, with simple or 
branched peduncles. 
Flowers have a bell-shaped to stellate calyx, in which the sepal lobes are triangular to ovate 
or lanceolate. The lobes may be adherent, accrescent or reflexed at maturity. The corolla is 
white or purple, and the shape can be stellate, pentagonal or rotate. Yellow to brownish 
anthers are held by a filament that is fused for half of its length to the corolla. The style is 
straight or hooked, often exerted above the anthers, with an enlarged and rounded stigma. 
Berries are bi-locular, contain capitate seeds, may have a globose to ovoid shape and are 
green, yellow, orange, red, brown and purple black, with or without stone cells. 
 
Many taxonomists have contributed to the description of species of the section Solanum 
worldwide (listed in Edmonds and Chweya 1997), but only scattered publications by Bitter 
(1912a, 1912b, 1913, 1921, 1923) treated few African species.  
Later, mostly based on herbarium specimens, African Solanum species were revised by 
Jaeger (1985), Bukenya and Hall (1988); Bukenya (1993); Bukenya and Carasco (1995) and 
Edmonds and Chweya (1997).  
The latter remains the most thorough account of the section Solanum with good 
morphological descriptions and keys to the species most commonly found in Africa and 
Eurasia.  
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Descriptions were compiled after examination of herbarium specimens from the major 
international herbaria or from populations successively cultivated in Botanic Gardens. The list 
of native and introduced most studied members of the section Solanum found in Africa 
includes S. americanum, S. chenopodioides, S. nigrum., S. physalifolium var. nitidibaccatum, 
S. retroflexum, S. sarrachoides, S. scabrum, and S. villosum. 
Edmonds and Chweya (1997), however, state that there are other taxa in Africa, very poorly 
known, which may represent good species and need a taxonomic revision. These taxa are S. 
florulentum, S. grossidentatum, S. hirsutum, S. hirtulum and S. tarderemotum. 
Owing to the fact that species of Solanum section Solanum are used in Africa as leafy 
vegetables, Schippers (2000) included them in his book ‘African indigenous vegetables’ 
where he treats various agronomic aspects related to their cultivation and usage. In general, 
the dark-purple-berried S. scabrum can be found in West Africa, whereas the orange-berried 
S. villosum is cultivated in East Africa, though the cultivation of the former is increasing also 
in the eastern regions of Africa. Although within Solanum scabrum small- and large-leaved 
cultivars with different leaf shapes and colours are found, the species can be easily 
recognized by its strongly edged and toothed stem. There are two subspecies of S. villosum; 
a villous one (subsp. villosum) that can be found in dry areas in northern Uganda and 
eastern Kenya, and a more glabrous one (subsp. miniatum) more common in northern 
Tanzania. However, Schippers (2000) points out the confusion in African literature, when 
naming the African nightshades. For example, S. scabrum is called S. nodiflorum, synonym 
of S. americanum, in reports from Nigeria. Also Olet (2004) pointed out at the confusion 
about S. nigrum and S. scabrum in Uganda 
 
The two most recent studies on the taxonomy of African Solanum section Solanum are the 
PhD theses of Jacoby (2003) and Olet (2004), who also applied molecular techniques in 
order to solve some taxonomic problems. 
 
Jacoby (2003) worked with species of the section Solanum found in South Africa (S. 
villosum, S. retroflexum, S. burbankii, S. scabrum, S. americanum, S. chenopodioides) and 
tried to produce inter-specific hybrids to test their field performance and the level of heterosis 
for breeding purposes. The author also investigated the genetic distance between the 
species using Amplified Fragment Length Polymorphism (AFLP) and Simple Sequence 
Repeats (SSR). She found that the 15 morphological characteristics which showed 
significant differences among the accessions reflected the genetic variation between them.  
While environmental factors were found to influence some characteristics, but fruit per 
bunch, fruit size and plant spread were not.  
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The most successful inter-specific crosses and higher yield of fruits were obtained when 
crossing S. scabrum with S. americanum, but also when crossing S. retroflexum with S. 
chenopodioides.  
The AFLP analysis yielded between 10 and 43 polymorphic bands and the 14 accessions 
used in her study clearly clustered in two major groups with two subclusters each. S. 
burbankii (or smooth retroflexum) clustered together with the other smooth and hairy S. 
retroflexum.  
Olet (2004) focused her work on defining the species of section Solanum found in Uganda, 
which had previously been classified into 8 species based on a morphological assessment 
using herbarium specimens (Bukenya, 1993). Olet (2004) carried out a morphological 
characterization and AFLP analysis on 84 living accessions representing S. americanum, S. 
florulentum, S. hirsutum, S. nigrum, S. sarrachoides, S. scabrum, S. tarderemotum and S. 
villosum. From the morphological characterization the author obtained 14 out of 27 
quantitative characters that could be used to separate one or more species. S. villosum (36 
accessions) and S. americanum (29 accessions) clustered separately, whereas S. 
sarrachoides and S. hirsutum clustered together as did S. scabrum with S. nigrum, and S. 
florulentum with S. tarderemotum. AFLP gave similar results but did not justify separation of 
S. nigrum/S. scabrum and S. florulentum/S. tarderemotum. Therefore, the eight species 
recognized previously in Uganda were now down to five.  
 
African section Solanum species have also been treated in different latest floras: Flora 
Zambesiaca (Edmonds, 2005), Flora of Somalia (Edmonds, 2006) and Flora of Ethiopia and 
Eritrea (Edmonds, in press). 
 
However, in spite of this recent work based also on molecular analysis, there is still a need 
for a taxonomic revision of the African group, particularly when new investigations can be 
based on more accessions of living populations from wider geographical coverage. 
Further literature relevant to the taxonomy of this group will be presented and discussed in 
the following chapters in this thesis. 
 
African local names for the species of the section Solanum 
 
In Africa most people live in rural villages, bound to and dependent on the natural 
environment. They have gained considerable knowledge about plants, especially those that 
are important for their life, such as food or medicine (Manoko, 1999). For such plants local 
people know their names, their ecology, and have ways to identify and classify them 
(Hurskainen, 1994; Kakudidi, 2004). 
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Table 1 presents some local names for species of the section Solanum used in different 
dialects in Africa.  
The table shows that, although names are supposed to indicate a unique species/taxon in 
order to communicate properly, as expected African local names lack this qualification. Here, 
as it is always the case with local names, different indigenous African groups use different 
names for the same species or a single name for almost all species found in the area, 
especially when they share a common language. For example in Swahili the name Mnavu is 
used to refer to all the species of section Solanum used as vegetables, although the name is 
sometime accompanied by an adjective to indicate differences in usage, morphology, 
ecology and chemistry. For example Mnavu mchungu is used to indicate the bitter Mnavu, 
which is S. nodiflorum. Mnavu blanketi indicates a hairy vegetable, corresponding to S. 
grossidentatum. Mnavu mkubwa is the larger type of Solanum, mostly S. scabrum, whereas 
Mnavu wenyewe indicates the real Mnavu: S. villosum. 
In Congo, the name Numbu is used for S. nodiflorum and S. scabrum, but S. nodiflorum has 
five other names. Solanum tarderemotum and S. florulentum also have five names each. In 
Uganda, Eswiga refers to S. nigrum, S. villosum and S. scabrum, but S. nigrum is known by 
ten other different names and S. villosum by seven (Bukenya and Carasco, 1999). This 
indicates clearly that also the local African nomenclature of the section Solanum is very 
confused which reflects the number of languages spoken and the size of the continent. 
 
The use of species of section Solanum in African life 
 
Though in most of the world the species of the section Solanum are considered weeds and a 
problem for agriculture, in Africa they form one of the largest groups of leafy vegetables 
(Chweya and Eyzaguirre, 1999; Schippers, 2000; Manoko and van der Weerden, 2004a, 
2004b). Across Africa, consumption of these vegetables differs from one place to another. 
For example, S. scabrum is mostly preferred and consumed in West Africa, whereas S. 
villosum is more popular in East Africa (Fontem and Schippers, 2004), and S. retroflexum in 
Botswana (Chweya and Eyzaguirre, 1999). In relative terms, however, S. scabrum is the 
most preferred and widely used probably all over Africa (Focho et al., 2002). 
Schippers (2000), and Manoko and van der Weerden (2004a, 2004b) give information about 
the local use of African section Solanum species. Leaves of section Solanum species are 
rich in proteins, fibers, minerals such as iron calcium and phosphorous, vitamins A and C 
and methionine, an aminoacid rare in other types of vegetables. Consumption of these 
leaves features in people’s daily life and in some areas forms part of important beliefs, 
passed from one generation to another. For example, eating Mnavu is considered a reward 
for the effort of pregnant women and children.  
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Table 1. Section Solanum species and African local names. 
 South Africa Tanzania Ghana 
S. nigrum Nightshade Mwhaka (Hehe) 
Suga (Swahili) 
Mnavu (Swahili, 
Pogolo) 
 
S. americanum Black nightshade Mnavu (Swahili, 
Bondei, Shambaa) 
Msogo (Bondei) 
Mhaki (Bena) 
Nsusua (Twi) 
Suga (Swahili) 
Ebibirba (Fante) 
S. villosum  En’songwe (Safwa) 
Kisuhume nsoku 
(Sukuma) 
Nafu (Chagga) 
 
S. scabrum    
S. tarderemotum    
S. florulentum    
    
 Kenya Madagascar Nigeria 
S. nigrum Ol’momoit (Kipsigi) 
Soiyot (Masai) 
  
S. americanum Olmomoit (Masai) 
Isoyot (Kipsigi) 
Managu (Kikuyu) 
Mnavu jangaa 
(Giriama) 
Brede Ódú 
Ó’gmuno (Yoruba) 
S. villosum Soiyot-Ap-Poinet, 
Isoiyot (Kipsigi) 
Ormomoi (Masai) 
Mnavu wenyewe 
(Giriama) 
 Odu (Yoruba) 
S. scabrum    
S. tarderemotum    
S. florulentum    
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Table 1. Continued. 
 Sierra Leone Uganda Congo DR 
S. nigrum  Nsugga (Luganda) 
Eswiga (Lunyoro / 
Lutoro) 
Eswiiga 
(Lunyankole) 
Esuga (Lusoga) 
Isufa (Lugisu) 
Ociga / Osiga 
(Alur / Janam) 
Lere (Kakwa) 
Ocugocuga (Acholi) 
Ocokocok / Ocuga 
(Luo) 
Numbu / Ndumbu 
S. americanum Kholekoleden-na 
(Yarunka) 
Efo-odu (Creole) 
Kimbaukalolkalolngara-
lungo (L) 
Wsuggaenzirugavu Numbu 
Itofo (Turumbu) 
Itotofu (Turumbu) 
Bolifi 
Londimi 
Lubanga (Kidembo) 
Ambiti-ambiti 
(Babua) 
Sputhulate 
S. villosum  Eswiga (Ankole) 
Ndolu (Kamba) 
Mayengo 
Nsugga enzirugavu 
(Luganda) 
Eswiga (Lukiga) 
Eshiga (Nyankole) 
 
S. scabrum Ogunmo Nswiga ya 
Kizungu (Lukiga) 
Enshwiga 
(Kigezi area) 
Ndumbu (Nkunga 
Mekiadi) 
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Table 1. Continued. 
 Sierra Leone Uganda Congo DR 
S. tarderemotum   Mulanda gwe 
Muzirhu (Mashi) 
Mulunda (Mashi) 
Siga (Kilur) 
Lushoo (Kihunde,  
Kinyanga) 
Inzo (Kinyanga) 
Mboka buchungu 
S. florulentum   Shoo (Kihunda) 
Rushogo (Kindadi) 
Rumsogo 
(Nyarwanda) 
Lushowo (Bahunde) 
Isogo (Nyarwanda) 
Gu (Kilendu) 
Usiga (Kilur) 
Mulunda 
Rushoo (Kindandi) 
Musopgo 
(Nyarwanda) 
    
 Chad Rwanda Burundi 
S. nigrum Abriki (Arabic)   
S. americanum    
S. villosum    
S. scabrum    
S. tarderemotum  Urusogo (Nyarwanda) 
Isogo (Nyarwanda) 
Ubusogosogo 
(Nyarwanda) 
Ibwija (Nyarwanda) 
Isiogwo (Nyarwanda) 
Isogo (Rundi) 
Urusogo (Rundi) 
S. florulentum  Urusko Nyarwanda Isogo (Rundi) 
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It is believed that by adding boiled leaves of these plants to their meals, pregnant women will 
give birth to smooth skinned and dark eyed children, and mothers will recover well soon after 
delivery. It is also believed that when cooked with milk, groundnuts or simsim, Mnavu will 
prevent children from malnutrition-associated diseases. As a result, children and pregnant or 
breast-feeding women consume large quantities of these nutritious vegetables, particularly 
as they are readily available in the open fields and can be grown in home gardens. 
 
In traditional medicine species of the section Solanum are used to treat diseases of the 
mouth, tongue, abscesses, skin ulcers and glandular swelling (Roddick, 1991), and 
ringworms, convulsions and snake bites, to take a few examples (Gill, 1994; Chifundera, 
1998; Summer, 2000). 
The Tswana and Sotho rainmakers in Southern Africa include ripe black fruits of S. nigrum to 
produce dark clouds during their rituals. 
On the socio-economic front, these Solanum species rank first amongst cash earning 
traditional leafy vegetables in African markets and are a source of income for many people, 
especially women. 
All together, although in other parts of the world species of the section Solanum have been 
considered poisonous to human and animals or weed in agriculture, in Africa these species 
remain important food and are a common dietary element that people have adapted to 
tolerate. 
 
Importance of section Solanum at global level 
 
Globally, the importance of section Solanum species features in human health, agriculture 
biotechnology, and scientific research and development. The generic name Solanum is 
derived from the Greek word Solamen, which means quieting or sedative, an effect 
associated with medicinal properties of many species in this genus. Solanum species are 
famous for the production of steroid alkaloids used in birth control, cardio-vascular therapy, 
menopause regulation and anti-inflammatory agents and they are known to be the only 
source of natural antimuscarnic tropane alkaloids (Roddick, 1991). In medicine the 
importance of S. nigrum was known as early as 815 AD when it appeared in the Dioscorides 
Codex under the name Strychnos (D’Arcy, 1979). Species known to produce steroid 
alkaloids in this section include S. americanum, S. nigrum and S. opacum (Bradley et al., 
1979).  
In recent years, medical researchers have revealed the potential to use section Solanum 
species against a number of critical diseases and conditions.  
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For example, an aqueous extract from Solanum alatum and some glycoproteins of S. nigrum 
have exhibited anti-inflammatory, hepato-protective, anti-cancer effects and the potential to 
control and prevent gastric ulcers (Lin et al., 1995; Heo et al., 2005). 
Alkaloids extracted from section Solanum species also have shown potential to control 
various vectors of diseases. For example, saponin from S. nodiflorum has shown 
molluscicidal effect against members of genera Bulinus and Biomphalaria (Roddick, 1991). 
These two snails are host of a fluke Schistosoma that causes schistosomiasis in millions of 
people in Africa, South America and Asia. Solanum nigrum leaf extract has shown larvicidal 
properties against Anopheles culicifecies, a vector of malaria, Culex quinquefasciatus and 
Aedes aegyptii, vectors of filariasis (Singh et al., 2001). 
Solanum nigrum, S. americanum and S. villosum are known to carry resistance genes 
against Phytophthora infestans, an Oomycete that causes great losses in economically 
important solanaceous species like tomato, potato and eggplant (Edmonds and Chweya, 
1997; Kamoun et al., 1999). The genetic resistance carried by these species could be 
transferred to susceptible species through breeding or biotechnology. Solanum americanum 
on the other hand, produces a proteinase inhibitor (PI II) that was shown to confer insect 
resistance in transgenic plants (Zengfu, 2001) and produces also the alkaloid solanine that 
has been used as an agricultural insecticide (Summer, 2000).  
Furthermore, the S. nigrum complex, which is widely spread in Eurasia as a weed, is also 
important in ecological studies as it adapts to various environments (Schmidt et al., 2004). 
Finally, from scientific point of view it is also an interesting group to investigate speciation 
processes, especially hybrid speciation, given the fact that the species of this group can 
undergo inter-specific hybridization and apomictic reproduction (Edmonds, 1977; Olet, 2004). 
 
Rationale and scope of this study and thesis setup 
 
The major concern about the taxonomy of section Solanum is that despite the economic 
importance and prospect of this section in Africa and globally, its taxonomy remains poorly 
understood. Major disagreements among taxonomists include species boundaries and 
whether or not some morphological characteristics are more useful than others. Where 
classification is confused, so is its nomenclature, and literally any information about such 
taxa is not specific and therefore less useful. In conclusion, a good taxonomic study of 
section Solanum species from Africa is still very much wanted. The current study was 
designed to attempt fill in some of the existing gaps in the taxonomy of African Solanum 
section Solanum using a considerable number of living accessions and a variety of 
approaches.  
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This thesis is divided in eight chapters. This chapter provides for a short introduction to the 
section Solanum in Africa. Chapter 2 addresses questions related to diploid species, 
especially the relationships between S. americanum and S. nodiflorum. Chapter 3 covers 
questions related to tetraploid species centred on the relationships between S. tarderemotum 
and S. florulentum., S. grossidentatum, S. hirsutum and S. retroflexum and subspecies in S. 
villosum. Chapter 4 describes a new species; S. umalilaense. Chapter 5 is dedicated to the 
hexaploid species of the section, and chapter 6 of this thesis presents the relations between 
all the species of the section Solanum in Africa. Chapter 7 addresses questions related to the 
usefulness of morphological characteristics in delimiting species. Conclusive remarks are 
presented in chapter 8 of the thesis. 
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Abstract 
 
This study was aimed at examining the relationships between the African material of 
Solanum americanum (also designated as S. nodiflorum), accessions of this taxon from other 
geographical areas, and American S. americanum using AFLP markers. 102 individuals 
representing 38 accessions of S. americanum sensu lato (s. l.) and related diploid species 
from the widest possible geographical range and one accession of S. dulcamara as an 
outgroup were used. The AFLP results suggested that American S. americanum differs from 
S. nodiflorum and that the material investigated in this study can be assigned to three 
different species: S. americanum sensu stricto (s. str.), S. nodiflorum and a Solanum species 
from Brazil. These species can also be differentiated morphologically using a combination of 
floral and fruit characteristics.  
 
Introduction 
 
The importance of Solanum L. section Solanum species in Africa cannot be overestimated. 
Species in this section constitute one of the largest groups of leafy vegetables, and are an 
important source of income for “Mnafu” (the Swahili name for section Solanum species) 
growers in both rural and urban areas (Edmonds and Chweya, 1997; Schippers, 2000; 
Manoko and van der Weerden, 2004). Furthermore, in Africa, where about 80% of people 
still live in rural areas, section Solanum species are used in traditional medicine, the sole 
source of primary health care in these areas. The section is one of the largest and most 
variable species groups of the genus with its greatest diversity in the New World tropics 
(Edmonds and Chweya, 1997). There are diploid, tetraploid, and hexaploid species. The 
present study concentrates on the diploid species. 
 
Solanum americanum Mill. and S. nodiflorum Jacq., which have shown to have both local 
and scientific importance, are considered by some authors as two separate species and by 
others as one species. The two taxa show much resemblance in their general morphology. In 
1768, Philip Miller described S. americanum based on a specimen (Miller s.n.) cultivated at 
Chelsea Physic Garden, originally from Virginia, North America. Nicolaus Jacquin, based on 
type material from the African island of Mauritius (Jacquin s.n.), described S. nodiflorum in 
1789. The dispute about the identity of the two species emerged after Edmonds (1971) 
combined them into one species: Solanum americanum.  
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One group of taxonomists agreed with Edmonds’s combination (e.g. Gentry and Standley, 
1974; D’Arcy, 1974a, 1974b; Symon, 1981, 1985; Howard, 1989; D' Arcy and Rakotozafy, 
1994; Bosser et al., 2000), while others continued handling them as different species 
(Henderson, 1974; Morton, 1976; Heiser et al., 1979; Wiggins, 1980).  
Even when they have been considered conspecific, different authors based on different 
morphological characteristics recognized different varieties. For example, based on hair 
characteristics Edmonds (1971) recognized two varieties under S. americanum: S. 
americanum Mill. var. nodiflorum (Jacq.) Edmonds and S. americanum Mill. var. americanum 
whereas D’Arcy (1974b), using pedicel position, distance between internodes and flower 
characteristics, combined Edmonds’s varieties under S. americanum var. americanum, 
describing a new variety S. americanum Mill. var. baylisii D’Arcy. In Australia, Henderson 
(1974) based on pedicel position at fruiting, presence or absence of stone cells, margins of 
adult leaves and number of fruits per peduncle recognized two subspecies under S. 
nodiflorum, i.e. S. nodiflorum Jacq. subsp. nodiflorum and S. nodiflorum Jacq. subsp. nutans 
R. J. F. Hend. These observations indicate that the taxonomic situation of S. americanum 
and S. nodiflorum is still unclear and this fact may hamper the utilization of the available 
knowledge about the two taxa. 
 
Our current study was therefore designed to address the taxonomic question whether or not 
material of S. americanum (also designated as S. nodiflorum) from Africa and other 
geographical areas was synonymous with material of S. americanum from America. Solanum 
chenopodioides Lam. and S. physalifolium Rusby were added to this study because based 
on the list provided by Edmonds and Chweya (1997), they are the only other diploid species 
found in Africa. Furthermore, the former was what D’Arcy (1994b) considered to be S. 
americanum var. baylisii.  
We generated AFLP markers from material of S. americanum and related diploid species 
collected from the widest possible geographical range of the target species. According to 
Becker et al. (1995), AFLPs are arbitrarily spread over the whole genome and co-migrating 
bands are predominantly homologous in closely related groups (Waugh et al., 1997; 
Rademaker et al., 2000). AFLP markers have previously been successful is resolving 
taxonomic problems and elucidating relationships among species in the genus Solanum 
(Kardolus et al., 1998; Mace et al., 1999a; Mace et al., 1999b; Coulibaly et al., 2002; Jacoby 
et al., 2003; Dehmer and Hammer, 2004; Olet, 2004). 
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Table 1. Accessions of species used in this study and their country of origin. 
Acc. no. Acc. code Received as Identified as Origin 
904750026 90026amer S. photeinocarpum S. americanum China 
944750234 94234amer 
Nothocestrum 
latifolium 
S. americanum USA (Hawaii) 
954750186 95186amer S. americanum S. americanum Brazil 
954750354 95354amer S. americanum S. americanum Mexico 
954750356 95356amer S. americanum S. americanum Venezuela 
984750118 98118amer S. americanum S. americanum Australia 
994750056 99056amer S. nigrum S. americanum India 
A04750035 A0035amer Solanum sp. S. americanum Tanzania 
A14750028 A1028amer S. americanum? S. americanum Uganda 
A14750066 A1066amer S. nigrum S. americanum Germany? 
A14750092 A1092amer S. nigrum? S. americanum Mexico 
A14750099 A1099amer S. americanum S. americanum Brazil 
A14750130 A1130amer S. photeinocarpum S. americanum China 
A14750414 A1414amer S. retroflexum? S. americanum Zimbabwe 
A14750415 A1415amer S. retroflexum? S. americanum Zimbabwe 
A14750424 A1424amer S. nigrum S. americanum Mauritius 
A14750425 A1425amer S. nigrum S. americanum Mauritius 
A14750426 A1426amer S. nigrum S. americanum Mauritius 
A14750427 A1427amer S. nigrum S. americanum Mauritius 
A34750450 A3450amer S. americanum S. americanum USA 
A34750451 A3451amer S. americanum S. americanum Cuba 
A34750453 A3453amer S. americanum S. americanum Cuba 
A34750454 A3454amer S. americanum S. americanum Cuba 
A34750455 A3455amer S. americanum S. americanum Cuba 
A34750457 A3457amer S. americanum S. americanum USA 
A34750458 A3458amer S. americanum S. americanum USA 
A34750459 A3459amer S. americanum S. americanum USA 
A34750460 A3460amer S. americanum S. americanum USA 
A34750461 A3461amer S. americanum S. americanum USA 
A34750463 A3463amer S. americanum S. americanum USA 
A34750464 A3464amer S. americanum S. americanum USA 
884750042 88042chen S. chenopodioides S. chenopodioides Switzerland 
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Table 1. Continued.                                                                                                                    
904750124 90124chen S. chenopodioides S. chenopodioides Australia 
914750076 91076chen S. chenopodioides S. chenopodioides France? 
954750185 95185chen S. ottonis/S. gracilius S. chenopodioides Australia 
964750073 96073phy S. sarrachoides S. physalifolium Canada 
954750160 95160phy S. nitidibaccatum S. physalifolium France? 
954750170 95170phy S. sarrachoides S. physalifolium UK? 
904750062 90062dulca S. depilatum S. dulcamara Poland 
 
 
Table 1 gives the following information: column 1 gives the accession number of Radboud University Botanical 
and Experimental Garden seed collection, column 2 gives the code used in this study, which was derived from 
the accession number and the first few letters of the specific name (column 4), column 3 lists the name provided 
by the seed donor, column 4 refers to the name given after we had identified the material, column 5 gives the 
country of origin. 
 
Materials and methods 
 
Plant material. We acquired seeds of Solanum section Solanum accessions and grew them 
in the greenhouse. Identification of species followed Edmonds and Chweya (1997). A total of 
102 individuals representing 38 accessions of S. americanum and related diploid species 
(See Table 1) were used in this study. Solanum dulcamara L. was used as an outgroup. 
Except for 95160phy and A3455amer, 2 or 3 individuals represented each accession. One 
individual per accession was taken to count chromosome numbers in the root tip cells 
following standard procedures. Results confirmed that accessions used in this study were all 
diploid. 
  
Collection of leaf materials and DNA isolation. 40 mg of leaf material from each of the 
102 individuals was collected in a 1.5ml Eppendorf tube and immersed in liquid nitrogen. 
Isolation of DNA followed the Promega genomic DNA purification kit procedure. After 
isolation, DNA was dissolved in 100µl DNA hydration liquid and stored at –20 °C. DNA 
concentration was measured using a spectrophotometer and the quality was checked by 
electrophoresis in a 1% agarose gel.  
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AFLP analysis. 0.5 µg of DNA was used for AFLP analysis. AFLP analysis followed a 
modified version of the protocol of Vos et al. (1995). EcoRI and MseI restriction enzymes 
were used for digestion of genomic DNA.  
Pre-amplification was achieved using EcoRI+A and MseI+C primers and products diluted 50 
times in 10mM Tris (pH 8.0). Selective amplification was done using D4 dye (Beckman 
Coulter) with labeled EcoRI primer and unlabeled MseI primer. Two primer combinations 
were used, each with three selective nucleotides: EcoRI+AAC/MseI+CAC and 
EcoRI+ACC/MseI+CAT, respectively. Selective amplification products were diluted 10 times 
in Sample Loading Solution (SLS, Beckman Coulter).  
Two microliters of this dilution were added to 33µl of SLS buffer containing 0.2µl of CEQ 
DNA size standard 600 (Beckman Coulter).  
Resulting fragments were analysed using Beckman Coulter 8000 fragment analysis system 
with default values of study parameter with exception of size standard and model of study. In 
this study size standard 600 and cubic model were used. 
  
Data analysis. The AFLP data from each primer combination separately and combined, 
were analysed using both phenetic and cladistic approaches, and UPGMA, NJ and MP trees 
were generated. During MP analysis, for each data set, two heuristic searches were 
performed and trees from the first heuristic search were used as starting trees in the second 
search. Afterwards, the tree topology from all methods was compared. Jackknife analyses 
(10,000 replicates) were run with both NJ and MP settings. All analyses were performed 
using PAUP version 4.0 b10 (Swofford, 2001). 
 
Morphological comparison. On the basis of our AFLP results, we compared the three 
clusters of S. americanum accessions for a number of morphological characteristics Knapp 
(2001) considered important in identifying monophyletic groups and distinguishing species in 
the genus Solanum. To this end, we examined inflorescence, flower, and fruit characteristics 
of most of the accessions that were also used for AFLP analysis. Results are shown in Table 
2. 
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Table 2: Morphological comparison of S. nodiflorum, Brazilian Solanum sp. and  
              S. americanum s. str. 
Characteristics S. nodiflorum Solanum sp. (Brazil) S. americanum 
Shape of calyx lobes Lanceolate Obovate Ovate lanceolate 
Calyx lobe fusion 
from the base  
Lobes fused at the 
base 
Often 2 or 3 lobes 
fused clearly above 
the base 
Lobes fused at the 
base 
Petal length (mm) (4) 4.5-5 (6) 4-6 (7) 7.5-8 (9) 
Petal width (mm) (1.5) 1.9-2 (1.5) 2 2.5-3 
Extent of corolla 
fusion from the base 
(mm) 
(0.5) 1-1.5 0-0.5 Up to 2 
Style length (mm) (1.5) 2-2.5 (3) (2) 3 4.3-5 
Style exsertion 
beyond anthers 
Equal or below the 
anthers, if exserted 
only up to 0.5 mm 
Rarely exserted, if 
exserted 0.5-1.5 mm.
Clearly exserted up 
to 2.5-3 mm 
Fruiting pedicel 
orientation  
Deflexed or erect Erect and spreading Erect and spreading 
Inflorescence type  
Umbellate cyme or 
nearly so 
Umbellate cyme 
Extended umbellate 
cyme 
Fruit colour Shiny black Shiny black Dull black 
    
Note: Figures in parentheses refer to infrequent values below or above the regular range or value that was 
recorded. 
 
Results 
 
AFLP fragments. The EcoRI+AAC/MseI+CAC primer combination produced in total 248 
bands of which 224 (90.3%) were polymorphic. The EcoRI+ACC/MseI+CAT primer 
combination produced 225 bands, all being polymorphic.  
  
 
Fig. 1: NJ phenetic phylogram based on 225 polymorphic AFLP markers from 102 OTUs. Numbers below 
branches are NJ Jackknife support values.  
AUS= Australia, BRZ= Brazil, CHN = China, CUB = Cuba, HAW= Hawaii, IND = India, MEX= Mexico, MUS 
= Mauritius, TZA=Tanzania, UGA = Uganda, USA = United States of America, VEN = Venezuela, ZIM 
=Zimbabwe. 
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Fig. 1.
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On average, the EcoRI+ACC/MseI+CAT primer combination produced 40-50 bands per 
individual whereas EcoRI+AAC/ MseI+CAC produced 30-40 bands per individual. 
 
Clustering pattern and species recognition. Figure 1 shows our NJ tree based on 
fragments generated by the EcoRI+ACC/MseI+CAT primer combination, whereas Fig. 2 is 
based on all fragments generated by the two primer combinations.  
In both cases five clearly distinctive and well supported clusters were obtained that could be 
separated into two groups, A and B. Group A contained three closely related clusters (I-III), 
all made up of individuals that were received under many different names but identified by us 
as S. americanum s. l. These were clearly separated from group B that consisted of two 
clusters (IV and V) of S. chenopodioides and S. physalifolium accessions, respectively, 
which were also previously identified as such.  
The three clusters I, II and III of S. americanum were separated from each other by 
substantial genetic distances comparable to that between S. physalifolium and S. 
chenopodioides. This suggested that individuals of group A were not all S. americanum as 
they were received or identified based on morphology.  
 
In Fig. 1, in many cases individuals of an accession cluster together, but there are some 
exceptions. If individuals of the same accession do not cluster together, they generally still 
fall into the same geographical group. Cluster I (NJ Jackknife support 82% and 100% in Fig. 
1 and 2, respectively) is composed of accessions from different geographical areas, i.e. 
Africa, Australia, India, China Venezuela, Mexico, Cuba and Hawaii (USA).  
Based on the results of the EcoRI+ACC/MseI+CAT primer combination (Fig. 1) this cluster 
can be further sub-divided into five subclusters Ia - Ie. The separation of subcluster Ia from 
the rest is not only based on genetic distance but also on morphological differences. This 
subcluster can be distinguished based on pedicel orientation, one of the characters used by 
Henderson (1974) to distinguish subspecies in S. nodiflorum. The remaining subclusters can 
only be separated based on the geographical origin of their accessions (Ib: Mexico, China, 
Australia; Ic: Cuba; Id: Venezuela, Hawaii; Ie: Tanzania, Zimbabwe), their NJ Jackknife 
support ranges from 58 – 73%.  
 
 
 
Fig. 2: NJ phenetic phylogram based on 435 polymorphic AFLP markers generated by the 
EcoRI+AAC/MseI+CAC and EcoRI+ACC/MseI+CAT primer combinations from 96 OTUs (number of 
individuals reduced following the removal of individuals missing in either primer combination). Numbers below 
branches are NJ Jackknife support values. Country codes as in Fig. 1. 
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This pattern is less clear in the results based on the combined primer combinations (Fig. 2), 
as the majority of individuals did not cluster with other individuals of the same accession and 
even some appeared more similar to individuals from completely different geographical 
regions. When individuals from each cluster and subcluster were compared to the type 
specimen, it was apparent that individuals in subcluster Ia conformed to Jacquin’s illustration 
of the type specimen of S. nodiflorum, No. 326 in Icones Plantarum Rariorum / Editae N. J. 
Jacquin.  
Similarly, they also concurred with S. nodiflorum subsp. nodiflorum sensu Henderson’s 
(1974) plate 1. All accessions from Mauritius, the origin of the S. nodiflorum type specimen, 
fell in subcluster Ia. Individuals in subcluster Ib-e agreed in all respects with Solanum 
nodiflorum subsp. nutans (type specimen Henderson 518), illustrated by plate 2 in 
Henderson (1974).  
Cluster II embraced solely accessions from USA used by Dehmer (2001), and Dehmer and 
Hammer (2004). This cluster was 100% supported with NJ Jackknife values in both cases 
(Figs. 1 and 2). Individuals in this cluster were compared with the type specimen of S. 
americanum at BM (Miller s.n.) illustrated by plate 3 in Henderson (1974). According to 
Henderson (1974) and Heiser et al. (1979) this is the taxon that accurately fits the protologue 
of S. americanum.  
Cluster III (100% Jackknife support in both NJ trees) was exclusively composed of the 
Brazilian Solanum sp., for which no comparable type specimen was found. 
 
Phylogenetic analyses. AFLP data generated by the EcoRI+ACC/MseI+CAT primer 
combination and the two primers combined from all heuristic searches gave similar MP trees.  
Only the majority rule consensus tree from the second heuristic search based on the 
EcoRI+ACC/MseI+CAT primer combination is presented (Fig. 3). Five clades, identical to the 
groups recognized in Figs. 1 and 2, where produced. Each clade was supported by MP 
consensus and Jackknife values higher than 90% except clade I representing S. nodiflorum 
that had a NJ Jackknife support of only 73%. Sub-clades within S. nodiflorum, corresponding 
to the subclusters within cluster I in Fig. 1, were supported with consensus values of 97-
100% but they were not supported by Jackknife values. At the species level, the MP tree 
topology (Fig. 3) was identical to the topology observed in the NJ trees (Fig. 1 and 2). 
 
 
Fig. 3: 50% majority rule MP consensus tree based on 225 polymorphic AFLP markers generated by the 
EcoRI+ACC/MseI+CAT primer combination. Numbers above and below branches indicate majority rule 
consensus and Jackknife supports values, respectively. The dotted lines indicate a trichotomy in the MP 
Jackknife tree. Country codes as in Fig. 1. 
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However, when comparing Fig. 3 to Fig. 1, the relationships within S. nodiflorum are not the 
same. Subcluster Id is combined with subcluster Ib, and accessions from China (A1130amer, 
90026amer) are now combined in subcluster Ia. 
Only the majority rule consensus tree from the second heuristic search based on the 
EcoRI+ACC/MseI+CAT primer combination is presented (Fig. 3). Five clades, identical to the 
groups recognized in Figs. 1 and 2, where produced. Each clade was supported by MP 
consensus and Jackknife values higher than 90% except clade I representing S. nodiflorum 
that had a NJ Jackknife support of only 73%. Sub-clades within S. nodiflorum, corresponding 
to the subclusters within cluster I in Fig. 1, were supported with consensus values of 97-
100% but they were not supported by Jackknife values. At the species level, the MP tree 
topology (Fig. 3) was identical to the topology observed in the NJ trees (Fig. 1 and 2). 
However, when comparing Fig. 3 to Fig. 1, the relationships within S. nodiflorum are not the 
same. Subcluster Id is combined with subcluster Ib, and accessions from China (A1130amer, 
90026amer) are now combined in subcluster Ia. 
 
Discussion 
 
Species delimitation. The difficulty of distinguishing genetically controlled characteristics 
from phenotypic plasticity has long been known to impede species level taxonomy in section 
Solanum (Edmonds and Chweya, 1997). Confusion has also emerged from having to use 
mostly herbarium material that often lacks the necessary diagnostic characteristics to make 
an objective judgement (Heiser et al., 1979). The present study shows that although material 
received or identified as S. americanum shows a general morphological resemblance, this 
taxon should be split into three genetically different species, namely (1) S. nodiflorum (cluster 
I) that is a widely distributed species, (2) S. americanum s. str. represented by the central 
American material in cluster II, and (3) a different species represented by the Brazilian 
accessions grouping in cluster III. This conclusion is not only supported by phenetic results 
as depicted in Figs. 1 and 2 but each of the three species is an independent lineage 
supported with consensus support values and Jackknife values in the MP consensus tree 
(Fig. 3).  
Concerning the species status of S. nodiflorum and S. americanum s. str. therefore, this 
study does not support Edmonds (1971) and Edmonds (1972) combination of these taxa but 
rather agrees with previous numerical taxonomic studies which concluded that the two taxa 
were different species (Soria and Heiser, 1961; Heiser et al., 1965; Heiser et al., 1979).  
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Such a conclusion could also be drawn for the clustering within S. nodiflorum that we found 
in the present study. Dehmer (2001) and Dehmer and Hammer (2004) showed that the  
Cuban and the USA accessions (the same ones as shown in Figs. 1, 2 and 3) had a 
considerable genetic distance. Still, these authors placed the two groups under the same 
species: S. americanum and attributed the differences to geographical provenance. Our 
results disagree with this conclusion, indicating that these two groups fall into two different 
species, one of which (including the Cuban accessions) being a world wide species. As can 
be seen in Figs. 1, 2 and 3 the accessions that constitute S. nodiflorum occur in cluster I 
regardless of their geographical origin. Based on the results of the present study therefore, it 
seems that geographical provenance only plays a role below species level, resulting in the 
pattern that is shown by S. nodiflorum. Equally, our results do not support the placement of 
Ugandan material with Brazilian accession 95186amer under S. americanum as was done by 
Olet (2004).  
The split between S. nodiflorum and S. americanum s. str. is also supported by previous 
studies on crossing behavior, often used to discriminate different biological species. In these 
studies it was found that the hybrids resulting from crossing the two species were abnormal, 
weak, with malformed abortive flowers and difficult to keep alive (Baylis, 1958; Gray, 1968; 
Henderson, 1974; Heiser et al., 1979). We have also observed that S. nodiflorum starts to 
flower much earlier than S. americanum and that the former set fruits without any problem in 
the greenhouse, but not the latter.  
Although these species show general morphological resemblance, it was observed during 
the present study that they could still be separated based on a combination of inflorescence, 
floral and sepal characteristics (Table 2 and Fig. 4). The comparison of floral size between S. 
americanum s. str. on one end, and S. nodiflorum and the Brazilian Solanum sp. on the 
other, seems to indicate that S. americanum s. str. is seemingly an enlarged version of the 
latter species. A similar pattern has been observed between S. sarrachoides Sendtn. and S. 
tweedianum Hook. where the latter is superficially an enlarged version of the former 
(Edmonds, 1986). In both cases, individuals of these species have other characteristics in 
common, such as pedicel posture, berry colour and shape, pubescence type, leaf shape, and 
other vegetative characteristics.  
 
 
 
 
 
 
 
Chapter 2 
 38 
                                                                                                                                                                           
 
 
 
 
 
 
 
 
 
 
  
    A      B 
Fig. 4: Floral characteristics of  S. americanum (A) and S. nodiflorum (B). 
 
On the other hand, characteristics that have been used in some studies to differentiate S. 
americanum from S. nodiflorum, e.g. presence and absence of stone cells in the fruit, or 
angle of pedicel inclination (Morton, 1976; Heiser et al., 1979) showed no pattern in the 
present study when placed against Fig. 1. Accessions with one or both of these 
characteristics were found in both S. nodiflorum, in S. americanum s. str. and the Brazilian 
Solanum sp. accessions. In Australian material Henderson (1974) found stone cells in S. 
nodiflorum subsp. nutans but not in subsp. nodiflorum. Similarly, Olet (2004) recorded stone 
cells in one of the two forms of S. nodiflorum (there called S. americanum) in Uganda. In S. 
nodiflorum stone cells have hardly been a useful characteristic except for materials from 
North America (Heiser et al., 1979). Unpredictability of stone cells has also been 
demonstrated by Edmonds (1986) in S. sarrachoides and S. physalifolium Rusby. var. 
nitidibaccatum (Bitt.) Edmonds.  
According to Edmonds and Chweya (1997) the centre of genetic diversity of section Solanum 
is South America. From here they spread to the USA probably through long distance 
dispersal of the seeds. The resulting widened range may have resulted into founder 
populations in the USA which through rapid speciation resulted into S. americanum s. str., 
with large genetic differences – as shown by the NJ distances in Figs. 1 and 2 – not 
accompanied by large morphological differences.  
 
 
 
  
AFLP markers support separation of Solanum nodiflorum from Solanum americanum  sensu 
stricto  (Solanaceae) 
 39
The wider distribution of S. nodiflorum can be explained based on the results of crossing 
studies by Soria and Heiser (1961) and Henderson (1974) that suggest that S. nodiflorum is 
an autogamous species, a mode of reproduction associated with colonisation ability, local 
adaptation and reproductive economy (Jain, 1976).  
The fact that the three species still show general morphological resemblance suggests that 
the split is probably recent or that the new habitats in which the new taxa have evolved did 
not impose enough selection pressure to bring about large physiological and morphological 
differences. 
  
Infraspecific taxa. Earlier authors (Edmonds, 1971, 1972; D’Arcy, 1974b) recognized 
varieties within S. americanum s. l., but none of these are evident in our study. Actually, 
D’Arcy’s S. americanum var. baylisii is according to Edmonds and Chweya (1997) 
synonymous to S. chenopodioides, a different diploid species that constitutes cluster IV in 
the present study (Figs. 1 and 2). Henderson (1974) recognized two subspecies in S. 
nodiflorum i.e. subsp. nutans and subsp. nodiflorum, and these can be recognized in the 
present results too. Subcluster Ia corresponds to Henderson’s subspecies nodiflorum and 
subclusters Ib-e correspond to subspecies nutans. However, there is no Jackknife support 
for subcluster Ia in Fig. 1, the representatives of this putative subspecies are scattered in Fig. 
2, and the subspecies is paraphyletic in Fig. 3 (with the Chinese accession A1130amer in 
subcluster Ib).  
Therefore, although there could be infraspecific structure within S. nodiflorum, based on the 
present study those subgroups cannot confidently be equated with Henderson’s subspecies. 
Olet (2004) divided Ugandan materials into two morphological forms; A and B that were 
similar to S. nodiflorum subsp. nutans and S. nodiflorum subsp. nodiflorum, respectively, but 
her division was also not supported by our AFLP data. 
 
Nomenclatural considerations. Nomenclature changes, including the synonymy related to 
S. americanum, S. nodiflorum and the Brazilian Solanum sp. are beyond the scope of this 
study. However, the present study does have nomenclature implications and it recommends 
the use of the name S. americanum s. str. as used earlier (Soria and Heiser, 1961; Heiser et 
al., 1965; Gray, 1968; Henderson, 1974; Heiser et al., 1979). This proposition is in conflict 
with Schilling (1981) who proposed to use the name S. ptycanthum Dunal in stead of S. 
americanum. Actually, S. ptycanthum is used for another diploid species commonly known 
as "eastern black nightshade” (Bassett and Munro, 1995) which is different from S. 
nodiflorum and S. americanum.  
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It is not possible to draw any conclusion about the nomenclature of the Brazilian Solanum sp. 
It is, however, known that Bitter (1912) described two taxa in Brazil that were close relatives 
of S. nodiflorum, namely S. tenellum Bitt. and S. sciaphilum Bitt.  
 
While revising section Solanum in South America, Gray (1968) synonymised the two species 
under S. nodiflorum. Although no comparable type specimen was seen, it is possible that the 
Brazilian Solanum sp. in our study corresponds to one of these taxa, most likely S. tenellum 
which according to Bitter (1912) had the smallest flower in the whole genus.  
On the other hand, our study has revealed the misapplication of some names. For example 
S. nigrum L., a name referring to a hexaploid species, is still being used for diploid S. 
nodiflorum in Mauritius, Mexico and India (Table 1). In Zimbabwe the name S. retroflexum 
Dunal (a tetraploid species) is also used for S. nodiflorum.  
Accessions received as S. photeinocarpum Nakam. & Odash. from China (Table 1) can be 
assigned to be S. nodiflorum. Both Gray (1968) and Henderson (1974) considered the former 
to be a synonym of the latter. Accession 95160phy was received as S. nitidibaccatum but it 
proved to be S. physalifolium. Edmonds (1986) reduced S. nitidibaccatum Bitt. to a synonym 
of S. physalifolium. Accession 95185chen received as S. ottonis Hylander /S. gracilius Hert. 
was certainly S. chenopodioides. Edmonds and Chweya (1997) considered the former to be 
a synonym of the latter. Solanum nodiflorum accession 94234amer from Hawaii was 
received as Nothocestrum latifolium A. Gray. This is probably a labelling mistake, as this 
material certainly does not belong to this different genus.  
At this point a few inferences can be made: Cluster I represents a taxon that is distributed 
worldwide and should be known as S. nodiflorum. This is a tropical/subtropical taxon 
extending from the eastern coast of Africa, spreading over the Indian subcontinent and China 
to Australia and New Zealand. From the west coast of Africa S. nodiflorum extends westward 
into South America, the Caribbean Islands and Hawaii. In America this taxon extends from 
Georgia in the Southeast to California in the Southwest (Schilling, 1981). Furthermore, the 
present study has demonstrated that S. americanum s. str. is clearly different from S. 
nodiflorum. 
As shown in Fig. 1 there appears to be a weak distinction between subcluster Ia and the 
subclusters Ib-e, which is in agreement with morphological data and with Henderson’s 
description of subspecies nodiflorum and nutans. However, it is doubtful at this point whether 
these subclusters really represent subspecies or any other taxonomic rank.  
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Abstract 
 
This study was designed to look into the taxonomy of the African tetraploid species of 
Solanum sect. Solanum, involving the following species names: S. florulentum, S. 
grossidentatum, S. hirsutum, S. retroflexum, S. tarderemotum, S. villosum and the not validly 
published name S. eldorettii. AFLP, crossing experiments and selected morphological 
characteristics were used to study 102 individuals from 47 accessions of these important 
leafy vegetables. The results allowed the resolution of a number of taxonomic problems. The 
synonymy of S. grossidentatum and S. hirsutum was not supported, the latter species should 
be combined with S. retroflexum and called as S. memphiticum as has been suggested 
before, but excluding S. grossidentatum. No support was found for the recognized 
subspecies within S. villosum. The material received as S. eldorettii could be separated into 
three entities, with indications of introgressive hybridization between S. florulentum and a 
taxon that incorrectly has been named S. tarderemotum. Furthermore, a novel African 
tetraploid species could be identified. 
 
Introduction 
 
The tetraploid species of Solanum L. sect. Solanum form the largest part of this important 
group of leafy vegetables in Africa. These vegetables are rich in proteins, minerals, fibers 
and beta-carotene (Edmonds and Chweya, 1997). Quality and nutritive value differ from one 
species to another (Jacoby, 2003) and therefore any improvement of both agronomic and 
nutritive characteristics requires knowledge of the identity of the plants. However, polyploidy 
causes major problems in the taxonomy of section Solanum, in particular in the tetraploid 
species (Hawkes and Edmonds, 1972; Edmonds, 1979a; Edmonds and Chweya, 1997). 
Crossability, a measure of chromosome homology, has indicated that most species of the 
same ploidy level in this section can successfully hybridize, and the higher the ploidy level 
the higher the success of hybridization (Edmonds, 1977). Therefore, initial crossability 
success is not a reliable indicator of conspecifity between polyploid species. Low success in 
crossability in species adapted to cross pollination is usually indicative of species barriers, 
though it might occasionally be associated to environmental factors (Olet, 2004). Four out of 
the five species that according to Edmonds and Chweya (1997) require taxonomic revision in 
Africa (S. florulentum Bitt., S. hirsutum (Vahl) Dunal, S. grossidentatum A. Rich. and S. 
tarderemotum Bitt.)  are tetraploid.  
Specifically, there is confusion about the status of a taxon referred to as S. eldorettii 
(sometimes as S. eldorettianum) in East Africa, a name that has never been validly 
published.  
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In his book on African vegetables, Schippers (2004) suggested that the taxon indicated with 
the name S. eldorettii had already been described by Bitter in 1912 as  S. tarderemotum. 
Mwai and Schippers (2004) treat the names S. eldoretii and S. eldorettianum as synonyms of 
S. tarderemotum. 
Olet (2004) concluded, based on the results of crossing experiments, that S. florulentum and 
S. tarderemotum are separate species, but this conclusion was not supported by her own 
AFLP results as there was no clear separation between these taxa based on the markers 
she used. Furthermore, based on morphological differences she distinguished three forms of 
S. tarderemotum (A, B and C). Forms A and B are made up of sub-glabrous to glabrous 
individuals with either simple or forked inflorescences. The only difference between the two 
forms is the prominence of the wings on their stems. Form C comprises moderately pilose 
individuals only with simple inflorescences. These different forms of S. tarderemotum are, 
however, not reported in Flora Zambesiaca (Edmonds, 2005) nor in Flora of Ethiopia and 
Eritrea (Edmonds, in press a) where S. tarderemotum is described but not S. florulentum. It 
is therefore not clear whether the three forms of S. tarderemotum deserve any formal 
taxonomic rank. 
Another difficulty involves the taxonomic status of S. grossidentatum and S. hirsutum. Dunal 
(1813) published Solanum hirsutum (Vahl) Dunal based on S. nigrum L. var. hirsutum Vahl. 
(1798), giving two older names: S. aegyptiacum b Forsk. (1775; spelled Forssk. in recent 
literature) and S. memphiticum J.F. Gmel. (1791) as synonyms. Solanum grossidentatum A. 
Rich. was published in 1850 (as S. grossedentatum, we use the spelling corrected by Lester 
(1997)) and lectotypified by Lester (1997) with a specimen from Ethiopia (Quartin-Dillon & 
Petit s.n.). The two taxa have been considered to be conspecific and synonymous to S. 
memphiticum (Cufodontis, 1963; Edmonds, 2006; Edmonds, in press a and b) but they have 
also been treated as different species (Engler, 1975; Edmonds and Chweya, 1997; Lester, 
1997; Edmonds, 2005). Jaeger (1985) suggested that S. grossidentatum might include in S. 
villosum Mill. (Lester, 1997). Edmonds and Chweya (1997) and Edmonds (2005) state that S. 
grossidentatum might be conspecific with S. retroflexum Dunal. Solanum hirsutum, on the 
other hand, could belong to the glandular subspecies of either S. nigrum L. or S. villosum 
(Edmonds and Chweya, 1997). All this is an indication of a taxonomically confusing situation 
worth investigating.  
Whether or not subspecies exist in S. villosum is another concern. Some taxonomists 
(Hawkes and Edmonds, 1972; Edmonds, 1979b; Edmonds and Chweya, 1997) have 
recognized two subspecies based on pubescence and stem characteristics, but others (e.g. 
Dehmer and Hammer, 2004, using AFLP data) did not find evidence for these subspecies.  
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Table 1. Accessions of species used in this study and their country of origin. 
Acc. no. Acc. code Received as Identified as Origin 
A14750166 A1166tar S. eldorettii S. tarderemotum 
form B 
Kenya 
A14750167 A1167tar S. eldorettii S. tarderemotum 
form B 
Kenya 
A14750173 A1173tar S. nigrum /scabrum / 
eldorettii 
S. tarderemotum 
form A 
Kenya 
A14750174 A1174tar S. eldorettii type? S. tarderemotum 
form B 
Kenya 
A14750182 A1182tar S.nigrum? S. tarderemotum 
form B 
Kenya 
A14750184 A1184tar S.eldorettii? S. tarderemotum 
form C 
Kenya 
A34750033 A3033tar S. eldorettii S. tarderemotum 
form A 
Kenya 
A34750035 A3035tar S. eldorettii S. tarderemotum 
form B 
Kenya 
A34750039 A3039tar S. eldorettii S. tarderemotum 
form B 
Kenya 
A34750040 A1040tar S. eldorettii S. tarderemotum 
form C 
Kenya 
A34750041 A1041tar S. eldorettii S. tarderemotum 
form C 
Kenya 
A34750048 A3048tar S. eldorettii S. tarderemotum 
form B 
Kenya 
A34750064 A3064tar S. eldorettii S. tarderemotum 
form B 
Kenya 
A14750151 A1151flor S. eldorettii type? S. florulentum Kenya 
A14750164 A1164flor S. eldorettii S. florulentum Kenya 
904750228 90228ret S. retroflexum S. retroflexum Australia 
A14750022 A1022hirs S. nigrum? S. hirsutum South Africa 
A14750023 A1023hirs S. retroflexum S. hirsutum South Africa 
A14750025 A1025ret S. retroflexum S. retroflexum South Africa 
A14750034 A1034ret S. aff. nigrum S. retroflexum Zimbabwe 
A14750125 A1125ret S. retroflexum S. retroflexum Australia 
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Table 1. Continued. 
944750163 94163hirs S. retroflexum S. hirsutum South Africa 
A24750133 A2133 Solanum sp. ‘SpA’ Tanzania 
804750186 80186min S. olgae S. villosum subsp. 
miniatum 
Unknown 
814750090 81090min S. villosum subsp. 
puniceum 
S. villosum subsp. 
miniatum 
France 
884750151 88151vill S. densiflorum S. villosum 
subsp.villosum 
Unknown 
884750259 88259vill S. villosum subsp. 
villosum 
S. villosum 
subsp.villosum 
Denmark 
904750220 90220vill S. kitaibelii S. villosum 
subsp.villosum 
Unknown 
914750047 91047vill S. luteum subsp. 
alatum 
S. villosum 
subsp.villosum 
Italy 
914750069 91069min S. luteum subsp. 
miniatibaccatum 
S. villosum subsp. 
miniatum 
Unknown 
954750362 95362vill S. villosum subsp. 
miniatum 
S. villosum 
subsp.villosum 
Unknown 
954750177 95177vill S. luteum subsp. 
villosum 
S. villosum 
subsp.villosum 
Unknown 
954750316 95316min S. alatum S. villosum subsp. 
miniatum 
Australia 
954750346 95346vill S. atriplicifolium S. villosum 
subsp.villosum 
Russia 
954750353 95353min S. alatum S. villosum subsp. 
miniatum 
Unknown 
A14750048 A1048min S. miniatum S. villosum subsp. 
miniatum 
Unknown 
A14750149 A1149min Solanum sp. S. villosum subsp. 
miniatum 
Kenya 
A14750161 A1161min S. villosum S. villosum subsp. 
miniatum 
Kenya 
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Table 1. Continued.                                                                                                                    
A14750171 A1171min S. villosum? S. villosum subsp. 
miniatum 
Kenya 
A14750172 A1172min S. villosum? S. villosum subsp. 
miniatum 
Kenya 
A34750043 A3043min S. villosum S. villosum subsp. 
miniatum 
Kenya 
A34750055 A3055min S. villosum S. villosum subsp. 
miniatum 
Kenya 
A3475075 A3075min S. villosum S. villosum subsp. 
miniatum 
Kenya 
A34750057 A3057gross S. sarrachoides S. grossidentatum Kenya 
A34750062 A3062gross S. sarrachoides S. grossidentatum Kenya 
A34750066 A3066gross S. sarrachoides S. grossidentatum Kenya 
A34750473 A3473gross Solanum sp. S. grossidentatum Kenya 
904750062 90062dulca S. kitagawae S. dulcamara Hungary 
A14750150 1) A1115flor S. eldorettii S. florulentum Kenya 
1) Only used in crossing experiments 
     
Column 1 provides the Radboud University Botanical and Experimental Garden seed bank accession number; 
column 2 gives the accession code used in this study; column 3 lists the name op the accession as provided by 
the seed donor; column 4 gives the name given to each accession after identification. The identification and 
nomenclature of S. villosum, S. retroflexum, S. hirsutum, S. tarderemotum and S. florulentum was based on 
previous works (Edmonds, 1979b; Edmonds and Chweya, 1997; Olet, 2004), although we are aware that 
Edmonds (2005, 2006, in press a and b) has reduced the name S. hirsutum to a synonym of S. memphiticum. 
Solanum grossidentatum was identified based on the comparison with the type specimen. Column 5 shows the 
country of origin. 
 
 
This study, part of a larger project of revising African material of section Solanum, was 
designed to address the taxonomic problems mentioned above, and to reconstruct the 
phylogeny of these tetraploid species using AFLP. The AFLP technique (Vos et al., 1995) 
has proven to be a useful tool in resolving taxonomic problems in the genus Solanum 
(Kardolus, 1998; Mace et al. 1999; Coulibaly et al., 2002, Jacoby et al., 2003; Dehmer and 
Hammer, 2004; Olet, 2004).  
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Material and methods 
Selection of plant material. Plants from 208 accessions of the section Solanum were raised 
from seeds in the glasshouse. To select tetraploid species one individual from each 
accession was selected for chromosome counting. Root tips from seedling were collected 
and fixed in 3:1 Ethanol/Acetic Acid, macerated in 10% HCl and stained with Oracein dye. 
Squashing was done in 45% Acetic Acid. Chromosomes were counted and pictures taken 
using a Leitz Orthoplan microscope, objective 100x NPL Fluota oil immersion and 1.32 
numerical aperture. Ploidy level was confirmed by the Plant Cytometry Services Company 
using the flow cytometry technique on leaf cells. Solanum dulcamara L. (diploid) and S. 
scabrum Mill. (hexaploid) accessions were used as standards.  
In total 102 tetraploid individuals representing 47 accessions (Table 1.) mostly from Africa, 
Europe (S. villosum) and 3 accessions from Australia were used in this study. Solanum 
dulcamara individuals served as outgroup. Each accession was represented by 2 or 3 
individuals (A, B and C) with the exception of A3048tar, A1022hirs, 88259vill, 91047vill, 
95316min and 81090vill, which were represented by one individual each.  
AFLP analysis. 40 mg of leaf material from each individual was collected in a 1.5ml 
eppendorf tube and immersed in liquid nitrogen. DNA was isolated using a Promega kit, 
dissolved in DNA hydration liquid and stored at –20 °C. Concentration of DNA was assessed 
using a spectrophotometer and the quality was checked by electrophoresis in a 1% agarose 
gel. 0.5 µg of DNA was used for AFLP analysis. 
The AFLP procedure was based on a modified version of the protocol of Vos et al. (1995). 
After digestion of the genomic DNA with EcoRI and MseI enzymes, pre-amplification was 
preformed using EcoRI+A and MseI+C primers. Pre-amplification products were diluted 50 
times in 10mmTris (pH8.0). Selective amplification was done using a D4 dye (Beckman 
Coulter) labelled EcoRI primer and an unlabelled MseI primer. Each primer contained three 
selective nucleotides, the primer combinations used were EcoRI+ACC/MseI+CAT and 
EcoRI+AAC/MseI+CAC. Selective amplification products were diluted 10 times in Beckman 
Coulter Sample loading solution (SLS). Two microliters of this dilution were added to 33µl of 
SLS buffer containing 0.2µl of CEQ DNA size standard 600 (Beckman Coulter). Reactions 
were analysed using Beckman Coulter 8000 fragment analysis system using the cubic 
model and default values of the parameters.  
AFLP bands at each locus were scored as present or absent. The resulting 0/1 datasets 
were analysed using both phenetic and cladistic approaches.  
Neighbour Joining (NJ) and Maximum Parsimony (MP) trees from two heuristic searches 
were generated and their topology compared.  
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For both types of trees Jackknife support values were determined. All analyses were 
performed using PAUP version 4.0 b10 (Swofford, 2001). 
 
Morphological characteristics and crossing experiments. Solanum tarderemotum forms 
A, B and C, and S. florulentum were also compared based on selected morphological 
characteristics that Knapp (2001) considered clearly important in delimiting species in the 
genus Solanum. Additionally, in order to establish the biological relationships between these 
taxa, crossing experiments were carried out and morphology of F1 offspring from these 
crosses was analyzed. Emasculation and pollination were done in an insect proof enclosure 
following the procedures used by Edmonds (1977).  
 
Results 
 
Clustering patterns 
  
From the 102 individuals used in this study (Tab. 1), AFLP analysis with two primer 
combinations generated 228 and 225 polymorphic bands, respectively. The NJ analyses of 
the AFLP markers generated by the two primer combinations separately or combined 
produced NJ trees with 6 clusters. All trees generated had the same topology. Figure 1 
shows the NJ tree based on the two primer combinations combined and Table 2 shows a 
selection of morphological characteristics used to compare some of the clusters.  
Cluster I was made up of individuals that were received as S. eldorettii (Table 1). 
Morphologically, S. eldorettii accessions in this cluster were similar but not identical (Table 
2). Part of the material conformed to S. tarderemotum forms A and B (Olet, 2004) and the 
remaining accessions (A1164flor and A1151flor) were S. florulentum. Individuals that 
conformed to S. tarderemotum forms A and B in this cluster shared morphological 
characteristics not only with S. florulentum but also with S. tarderemotum form C (Table 2) 
which clustered with S. grossidentatum (cluster V).  
Cluster II was made up of S. retroflexum and the taxon that we had identified as S. hirsutum. 
Both of these taxa have ovate calyx lobes, covering only half of the fruit during development 
but reflexed away from mature fruits. The globose fruits, whose colour turns from green to 
purple/black, remain with the pedicel on the plant and are not aromatic.  
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Table 2. Selected morphological characteristics in S. florulentum, S. tarderemotum forms A, 
B, and C and S. grossidentatum. 
Characteristics S. florulentum S. tarderemotum 
forms A and B 
S. tarderemotum 
form C 
S. 
grossidentatum
Peduncle type Forked cyme Simple or forked 
cyme 
Simple cyme Simple cyme 
Number of pedicels (20-) 28 (-48) (3-) 12 (-24) (5-) 7 (-10) (3-) 4 (-5) 
Corolla radius (mm) (5-) 7 (-9) (4-) 5.3 (-8) (4-) 5 (-6) (7-) 7.7 (-10) 
Petal width (mm) (2-) 2.6 (-3.6) (2-) 3 (-4) (1.5-) 1.9 (-2) (3-) 3.5 (-4) 
Style exsertion (mm) (1-) 2 (-3) (0-) 1 (-1.5) 0 - 0.5 0.5 - 1 
Style length (mm) (3.2-) 4.7 (-6) (2.5-) 3.2 (-4.5) 3 - 3.5 (3-) 3.7 (-4) 
Style posture Typically 
geniculate 
Often straight some 
geniculate 
Typically straight Straight 
Fruit width (cm) (4.2-) 6.5 (-7.8) (5.6-) 7 (-11) (6.1-) 7.6 (-16.2) (4.1-) 8.8 (-11.2)
Fruit height/width 
ratio 
(0.8-) 0.94 (-
1.2) 
(0.8-) 0.9 (-1) (0.9-) 0.93 (-1) 0.89 - 1 
Sepal position at 
fruiting stage 
Adherent Adherent and some 
accrescent 
Adherent 
accrescent 
Adherent 
accrescent 
Fruit color Purple Green/purple Green Yellowish green
Ripe fruit fragrance Absent Present Present Present 
 
Although these taxa differ in their pubescence characteristics (accessions identified as S. 
retroflexum have eglandular hairs, whereas those identified as S. hirsutum have glandular 
hairs and are more pubescent than the former, there was no separation of individuals based 
on this character within this cluster. Furthermore, individuals in cluster II did not group 
according to their geographical provenance, although seeds were obtained from Africa and 
Australia.  
 
 
 
 
Fig. 1: NJ tree based on 435 polymorphic AFLP loci generated from 102 tetraploid individuals and Solanum 
dulcamara by the two primers combinations combined. Numbers at the nodes are NJ Jackknife support values. 
Shaded individuals in cluster I are those that conforms to S. florulentum. Dotted lines indicate sub-clusters that 
collapsed in NJ Jackknife tree. Figures to the left show inflorescence and fruit characteristics for each of the 
cluster. Letters IV(a) and IV(b) denotes European and African accessions, respectively. Terminal codes as in 
Table 1.  
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Cluster III comprised only individuals of accession A24750133 from Tanzania. This material 
could not be assigned to any of the known species, and it appears to be a new species, 
provisionally called 'species A' (Schippers, 2004). This novel species will be described 
elsewhere.  
The accessions of S. villosum fell in cluster IV and in general the sub-clustering reflected the 
provenance of the accessions from Europe and Africa. In the European subcluster (IVa) the 
two subspecies of S. villosum found in Europe, subsp. villosum and subsp. miniatum (Bernh. 
ex Willd.) Edmonds are intermingled. The African subcluster (Vb) contains only the latter 
subspecies.  
 
Cluster V contained only accessions, which based on comparison with the lectotype, were 
identified as S. grossidentatum. All individuals in this cluster have a calyx with relatively long, 
lanceolate lobes, remaining adherent to and being accrescent on mature fruits. The fruits are 
wider than long, their colour turns from green to yellowish green, they fall with the pedicel 
when fully ripe and are aromatic. 
Cluster VI contained individuals from three accessions: A1184tar, A3040tar and A3041tar. 
Morphologically, these plants correspond to S. tarderemotum form C sensu Olet (2004) (Tab. 
2). 
All clusters were supported by 80% -100% Jackknife values, except cluster IV (S. villosum) 
that had 68% NJ Jackknife support. Individuals clustered in their accessions in most cases. 
However, in clusters IV and V this was not always the case. 
 
F1 analysis  
 
Given that S. tarderemotum forms A and B (cluster I) showed characteristics of both S. 
florulentum (cluster I) and S. tarderemotum form C of Olet (2004) (cluster VI) we tested the 
hypothesis whether or not they were hybrid derivatives of the two taxa by (1) crossing the 
putative parents with one another and (2) back crossing the putative parents with S. 
tarderemotum forms A and B. Descriptions of the expected and observed morphology of the 
progenies are given in Table 3. As expected, all offspring from cross 1 (A1184tar (S. 
tarderemotum form C) and A1150flor (S. florulentum)) were morphologically intermediates. 
Cross 2 between an alleged hybrid (A1166tar) and S. florulentum (A1150) produced S. 
florulentum and hybrids tending towards S. florulentum. A backcross (cross 3) produced 
hybrids of two phenotypes, one more inclined to S. tarderemotum and the second more 
inclined to S. tarderemotum form C. Cross 4 produced hybrid individuals and, unexpectedly, 
both parental phenotypes. 
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Table 3. Morphological analysis of F1 plants from crosses between S. tarderemotum form 
A and B, form C and S. florulentum. 
 Crosses F x M Number 
of F1 
plants 
Expected 
phenotypes 
Number of plants and 
observed  phenotype 
1 Cluster I x Cluster VI 
A1150flor x A1184tar 
15 All hybrids 15 plants: hybrids inclined 
to S. florulentum 
2 Cluster I x Cluster I 
A1150flor x A1166tar 
20 10 S. florulentum 
10 hybrids 
14 plants: hybrids inclined 
to S. florulentum 
6 plants: S. florulentum 
3 Cluster I x Cluster VI 
A1166tar x A1184tar 
20 10 S. tarderemotum 
10 hybrids 
12 plants: hybrids inclined 
to S. tarderemotum 
8 plants: hybrids inclined 
to S. florulentum 
4 Cluster I x Cluster VI 
A1164flor x A1184tar 
20 All hybrids 8 plants: S. tarderemotum  
2 plants: S. florulentum 
10 plants: hybrids 
5 Cluster I x Cluster I 
(control) 
A1164flor x A1150flor 
15 All S. florulentum 15 plants: S. florulentum 
 
 
Phylogenetic relationships between species  
 
All heuristic searches gave MP trees with similar topologies regardless the options used. 
Figure 2, a 50% majority rule consensus tree based on the two primer combinations 
combined, shows this pattern. The topology of this phylogenetic tree was comparable to the 
NJ tree (Fig. 1), with the exception of the relative position of individuals identified as S. 
florulentum within cluster I, and the relative position of S. tarderemotum and S. 
grossidentatum (clusters VI and V, respectively), where cluster VI is nested within a VI/V 
clade. The clades in Fig. 2 had high consensus values and were supported by Jackknife 
values ranging between 85-100%. However, as in Fig. 1, the Jackknife support value of the 
S. villosum clade was only 64%, even lower than that in the NJ tree, though it had a 100% 
majority rule consensus value. Similarly, subclusters IV(a) and IV(b) were evident in the 
phylogenetic tree but with Jackknife support lower than 50% 
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Discussion 
 
This study provides an increased understanding of the taxonomy of African section Solanum 
tetraploid species. The AFLP data give new insights in the taxonomy of this group. Here we 
will address the following taxonomic problems: (1) the relationships between S. retroflexum, 
S. hirsutum, and S. grossidentatum, (2) the novelty of ‘species A’, (3) the lack of support of 
subspecies within S. villosum, and (4) the segregation of S. tarderemotum sensu Olet into 
two different groups and their relationships with S. florulentum. 
  
Solanum hirsutum, S. retroflexum and S. grossidentatum 
 
This is a group of species the delimitation and relationships of which are still treated 
differently by various authors (Edmonds and Chweya, 1997; Jacoby et al. 2003; Jansen, 
2004; Olet, 2004; Schippers, 2004; Edmonds, 2005; Edmonds, 2006, in press a and b). 
Edmonds (2006, in press a and b) uses the name S. memphiticum for a taxon that includes 
S. hirsutum and S. grossidentatum. This taxon might even include S. retroflexum (Edmonds 
2005). It is clear that Dunal’s name S. hirsutum cannot be maintained and should be 
replaced by the name S. memphiticum, but our results clearly show that this taxon should not 
include S. grossidentatum. We favour the treatment of S. grossidentatum as a separate 
species because the type specimen of S. grossidentatum does not compare with either S. 
hirsutum or S. retroflexum. Also, the AFLP results of the present study permit the separation 
of S. grossidentatum from S. hirsutum and do not support the treatment of the two as 
synonymous as considered by Edmonds (2006, in press a and b). Although this author 
reduces S. hirsutum and S. grossidentatum to synonyms of S. memphiticum, she does 
mention a number of characteristics that are typical for S. grossidentatum, especially the 
larger calyx with lobes that adhere to the fruit. Furthermore, although fruit color is often not a 
reliable characteristic, in this case the two taxa differed unambiguously in this character.  
 
In 1852 Dunal published S. retroflexum based on type material from South Africa as a 
species moderately covered with short, weak, thin hairs and recognized two varieties i.e. 
latifolium Dunal and angustifolium Dunal based on hair density, leaf and petiole 
characteristics. Basically, S. retroflexum shows a great variation in the pubescence.  
 
 
Fig. 2: MP 50% majority rule consensus tree based on AFLP markers produced by the two pairs of primer 
combinations combined. Values below branches are MP Jackknife support based on 10,000 replicates. Shaded 
individuals, Roman numeral to the right, dotted lines and terminal codes correspond to those in Figure 1. 
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For example, South African specimens exhibit a villous indumentum, but the hair type 
remains eglandular (Edmonds and Chweya, 1997). Many authors (Henderson, 1974; Symon, 
1981; Edmonds and Chweya, 1997) have continued to recognize S. retroflexum as an 
eglandular species. Our AFLP results combine S. retroflexum with S. hirsutum into one 
cluster and clade. The combination of these two taxa was first suspected from our 
preliminary crossing experiments where the success of reciprocal crosses was between 97-
99%. At the morphological level, the only characteristic that differentiates S. hirsutum from S. 
retroflexum is the type of hair (glandular versus eglandular, respectively). This study 
therefore confirms Edmonds’opinion (2005) that the black fruited species (there still called S. 
grossidentatum and probably including S. hirsutum) could be a glandular variant of S. 
retroflexum. Our AFLP results do not show evidence of subgroups in cluster II. Therefore, 
although differences in pubescence type (glandular versus eglandular) have been used to 
recognize subspecies in other species e.g. in S. villosum (discussed later) and in S. nigrum, 
such a division is not evident here.  
 
Novelty of species A 
 
Seeds of species A were received from the Southern Highlands of Tanzania where this taxon 
is an important leafy vegetable. Morphologically, it could not be assigned to any known 
species. In his ‘Légumes Africains Indigénes, présentation des especes cultivées’ Schippers 
(2004) provisionally called this material 'species A'. Herbarium surveys at the NHT and DSM 
herbaria in Tanzania produced comparable material, all collected from Umalila Forest 
Reserve in Mbeya district by R.E. Gereau et al. in 1992. This material was first determined 
by W.G. D’ Arcy (MO) in 1993 as S. aff. americanum Mill. Later L.B. Mwasumbi (DSM) 
changed the name to S. nigrum L. These names refer to a diploid and hexaploid species 
while species A is tetraploid and morphologically distinct from both S. americanum and S. 
nigrum. Its unique features include a clearly terminal inflorescence, deviating from other 
species in this section, which show the usual pseudo-lateral inflorescences, and a shorter, 
pentagonal adherent calyx at fruiting. 
  
Subspecies within Solanum villosum 
 
Two subspecies are formally recognized within S. villosum: subsp. villosum and subsp. 
miniatum (Bernh. ex Willd.) Edmonds, based on pubescence and stem characteristics 
(Hawkes and Edmonds, 1972; Edmonds, 1979b; Edmonds and Chweya, 1997). The two 
subspecies show habitat preferences: subsp. villosum confined to warmer and drier habitats 
and subsp. miniatum throughout the range of the species (Edmonds and Chweya, 1997). 
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The latter is also the predominant subspecies in Africa. Our study however, did not support 
differentiation into two subspecies in the European accessions and was consistent with 
previous studies (Dehmer and Hammer, 2004; Olet, 2004) that also did not find evidence for 
these infraspecific taxa. Edmonds and Glidewell (1977) also did not find support for 
subspecies in S. villosum, using acrylamide gel electrophoresis of seed proteins. The two 
subspecies have also not been recognized by other workers (e.g. Henderson, 1974; Symon, 
1981) though in their descriptions it is clear that both forms occur in Australia. Hair 
characteristics differ on the same plant with age, seedlings exhibiting glandular hairs, which 
are later lost in some variants during growth (Henderson, 1974; Seithe, 1979; Edmonds, 
1982). It is unlikely that the failure to recover the subspecies in S. villosum can be ascribed to 
the use of AFLP, as the potential of these markers to reveal subspecies has been 
demonstrated for other species (Hedren et al., 2001; McGregor et al., 2002; Lara-Cabrera 
and Spooner, 2004). 
The subgroups within S. villosum that appear in our AFLP analysis correspond to geographic 
provenance (Europe and Africa, respectively). The low Jackknife support of these subgroups 
indicates that their separation is weak, and this may reflect a relatively recent migration of 
this species from Africa to Europe. The accessions from Africa form the basal part of the S. 
villosum clade, which confirms the hypothesis that S. villosum is probably a native of 
Northern Africa (Edmonds and Chweya, 1997). 
S. tarderemotum sensu Olet and its relationship with S. florulentum 
 
Olet (2004) recognized three forms (A, B, and C) of S. tarderemotum. However, it is apparent 
from our study that this taxon is separated in two different clusters; VI and I (Fig. 1). Based 
on the AFLP results and on selected morphological characteristics, S. tarderemotum form C 
is very closely related to S. grossidentatum and S. tarderemotum forms A and B are in one 
cluster with S. florulentum. Phylogenetically, in a combined S. grossidentatum / S. 
tarderemotum form C clade, the S. grossidentatum accessions form a basal grade, while S. 
tarderemotum forms a clade (100% MP Jackknife support) of more derived individuals (Fig. 
2). This relationship indicates that the former might be a “plesiospecies” and the latter an 
“apospecies” sensu Olmstead (1995). Based on overall similarity the two taxa are clearly 
separated. This is consistent with the notion that since polyploidization can result in rapid 
sympatric speciation, there is a likelihood that some polyploid taxa may go unnoticed by 
phylogenetic methods (Avise, 2000), especially if such taxa share their ancestry.  
Individuals in cluster I separate in (1) clear S. florulentum and (2) individuals with a mosaic of 
morphological characteristics of S. florulentum and S. tarderemotum form C.  
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Our hypothesis that this group consists of hybrids originating from crosses between S. 
florulentum and S. tarderemotum form C, and subsequently backcrossed to S. florulentum, 
was confirmed in most cases. The appearance of S. florulentum in cross 4 may indicate that 
this species might have contributed to the genome of S. tarderemotum form C in earlier 
cycles of hybridization and backcrossing.  
Generally, all F1 individuals resulting from all crosses we performed had traces of S. 
florulentum characteristics. According to Rieseberg and Ellstrand (1993)  hybrids need not be 
intermediate, but can be more similar to one of the parents or display a completely different 
habit. At this point we do not have a conclusive explanation for what might be happening in 
this group of taxa. However, it is most likely that the taxonomy of these taxa is complicated 
by factors such as introgressive hybridisation, possible apomictic tendencies in S. 
tarderemotum (Olet, 2004) and the likelihood of intra- and inter-genomic rearrangements 
following polyploidization (Soltis and Soltis, 1999).  
According to Vriesendorp and Bakker (2005) in phylogenetic trees where molecular markers 
have been used, hybrids tend to be placed closer to the most derived parent. Indeed in our 
phylogenetic tree the alleged hybrids fell in clade I with S. florulentum, far from the other 
parent S. tarderemotum form C, more basally placed. 
  
Taxonomic implications 
 
Based on our study, a number of conclusions can be drawn.  
(1) Solanum hirsutum and S. retroflexum should be combined, the correct name for this 
combination would be S. memphiticum but S. grossidentatum should be maintained as a 
separate species. 
(2) The present study also concludes without doubt that species A is a novel tetraploid 
species from the Southern Highlands of Tanzania and belongs in the section Solanum. This 
species shows unique characteristics that differentiate it from the other tetraploid species and 
also from S. americanum or S. nigrum, the two species it has been compared with 
previously.  
(3) The sub-clustering within S. villosum was based on the geographical origin of the 
investigated material. As in the other two studies mentioned above, we did not find support 
for the current formally distinguished subspecies. This suggests that the characteristics used 
to recognize subspecies in this species do not have sufficient taxonomic value. As we have 
also indicated, Australian authors have not recognized the two subspecies too.  
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This study however, agrees with the treatment of Edmonds and Chweya (1997) of S. luteum 
Miller subsp. villosum Dostál, S. alatum Moench, S. nigrum L. var. miniatum (Bernh.) Fries 
and S. miniatum Bernh. as synonyms of S. villosum. Accessions donated under those names 
were all identified as S. villosum. 
(4) Based on the present study it can be concluded that the material we received as S. 
eldorettii can be split into three morphologically and genetically different groups. These are: 
S. florulentum, S. tarderemotum form C, and S. tarderemotum forms A and B, the latter being 
the result of introgressive hybridization. It is not surprising that Olet (2004) could not separate 
S. florulentum from S. tarderemotum as in her work she included mostly these hybrids. The 
taxonomic situation in this group of taxa remains unclear due to this introgressive 
hybridization that might have been stimulated by human interference, especially agricultural 
practices, and possible apomixis, which is a common phenomenon in polyploid species 
where it is known to create cryptic species (Briggs and Walters 1997). While S. florulentum 
and S. tarderemotum form C seem clear species, the introgressed hybrids (S. tarderemotum 
forms A/B) could be either considered to belong to S. florulentum s.l. or to constitute a hybrid 
species in its own right, when it proves able to colonize new habitats as a consequence of 
this introgression (Rhymer and Simberloff, 1996). Intensive field work in the natural habitat of 
this taxon would be required to elucidate their status. 
In this paper we have used the name S. tarderemotum as it has been used previously in 
recent literature (Mwai and Schippers, 2004; Olet, 2004; Edmonds, 2005, 2006, in press a). 
However, the description of this taxon by these authors does not fully agree with the original 
description. For example, although Bitter’s description refers to a species with a rotate 
corolla, 11-12 mm in diameter, the name S. tarderemotum is currently applied to a taxon with 
a stellate corolla, with a diameter ranging from 6 to 12 mm (Olet, 2004; Mwai and Schippers, 
2004; Edmonds, 2005, 2006, in press a; pers. obs.). Descriptions also differ notably in 
filament length, pedicel length and style length. Solanum tarderemotum was first published 
by Bitter (1912) based on the type Winkler 3856 from Kilimanjaro region in Tanzania. Due to 
its description, this name cannot be applied to the material we have called S. tarderemotum 
in this study. The present descriptions of S. tarderemotum conflict with Bitter’s description.  
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Abstract 
 
Solanum umalilaense is described as a new species from Umalila, the Southern highlands of 
Tanzania. Its novelty is supported with both morphological and AFLP data. Phenetic and 
phylogenetic analyses place S. umalilaense as a unique and well-supported taxon in the 
midst of tetraploid species of the section Solanum from Africa. 
 
Introduction 
 
While studying accessions of Solanum L. section Solanum from Africa at Radboud University 
Nijmegen, it became apparent that plants grown from seeds of accession A24750133 
collected from the Umalila area in the Southern Highlands of Tanzania, were strikingly 
different from other African material. The plants were temporarily designated as ‘species A’ in 
Schippers (2004). Comparable herbarium specimens were found at NHT and DSM (R.E. 
Gereau et al. 5084). Information on the specimen in DSM indicated that it was first identified 
in 1993 by W.G. D’Arcy as Solanum aff. americanum Mill. but this was later changed to S. 
nigrum L. by L.B. Mwasumbi (DSM). The material also compares with the specimen 
Leteinturier et al. 145 at BR, identified in 1998 by F. Malaisse and B. Leteinturier S. nigrum. 
 
Plant description 
 
Solanum umalilaense Manoko, sp. nov. TYPE: Tanzania. Umalila Forest Reserve, about 
7km West of Ruanda II on the road to Izumbwe, 2km SSE of Mbogo mountain main peak, 
09º 11' S, 33º 18' E, 2180m, on brushy South-facing slopes with scattered shrubs. 14 Nov. 
1992. R. G. Gereau, D.K. Harder, C.J. Kayombo and M.J. Kayombo 5084 (holotype: DSM!; 
isotypes: NHT!, MO, K). Figure 1. 
 
Haec species inflorenscentis multifloris atque perspicue terminalibus, calycibus brevioribus et 
fructibus minoribus atque persistentibus distinguitur. 
 
Short herb, up to ± 0.5 m, erect, predominantly with many erect or spreading branches 
starting from the base, glabrescent to sub-glabrous with sparse, long, appressed, eglandular 
hairs. Stem dark purple with well marked ridges, teeth on ridges very small.  
Leaf simple, petiole 4.0--8 cm, rarely only 2.5 cm, leaf blade 7--10 cm long x 5--5.2(--5.9) cm 
broad, reaching its widest point 4.5--4.7 cm from the apex, ovate to elliptic with wings running 
to the base of the petiole, margins entire, apex acuminate to acute, base truncate. 
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Figure 1: A, B. Fruiting and flowering specimen; C. Inflorescence, ti= terminal inflorescence; b=bracts 
subtending inflorescence; eb= emerging younger branches; D. Short adherent calyx at fruiting stage. 
 
 
Inflorescence when young distinctively terminal but attaining a pseudo-lateral position at . 
maturity, a simple extended cyme, subtended with a bract, 5--10 flowered. Peduncle (1--)1.3-
-2.5 cm long, erect. 
Pedicels 5--7(--9) mm at flowering, reaching up to 10 mm at fruiting stage, pending.  
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Calyx pentagonal, 3.2--4(--5) mm in diameter, lobes very short (±1 mm), broadly triangular, 
equal and adherent to the mature berries. Corolla stellate, white, margins occasionally 
tingled with purple color, radius (4--)4.5--6.1 mm x 1.7--2.4 mm.  
Style with eglandular hairs at the base, 4--4.5(--4.9) mm, often straight, clearly exserted 
beyond the anthers up to 2 mm. Anthers yellow, 1.8--2 mm long, filaments (0.5)--1 mm. 
Pollen 24.6--26.3 µm in diameter when fully hydrated. Berries globose, changing from green 
to dull yellowish green, brownish at a later stage, (4.2--)5.2--6.6 mm in diameter, texture soft, 
remaining on the plant when fully ripe, aromatic, sclerotic granules present. Seeds obovate, 
1.61--2.06 x 1.3--1.77 mm, white, 9--20 per berry, dependent on its size.  
 
Solanum umalilaense differs from all other species that have been described from Africa 
(Bitter, 1912; Bitter, 1913; Bukenya & Hall, 1988; D'Arcy & Rakotozafy, 1994; Edmonds & 
Chweya, 1997; Bosser et al., 2000; Jacoby, 2003; Olet, 2004; Concalves, 2005; Edmonds, 
2006a, b) and in Europe and Australia (Hawkes & Edmonds, 1972; Henderson, 1974; 
Edmonds, 1979b; Symon, 1981). Edmonds’s opinion (Edmonds, pers. comm.) that it might 
be a hybrid was checked, and we found that after three generations still no segregation 
occurred. Chromosome counts using standard cytological methods and flow cytometry, using 
root and leaf cells respectively, showed that S. umalilaense was a tetraploid and not a diploid 
or hexaploid as thought previously. The species produces a large number of inflorescences 
that at flowering appear clearly terminal and only later assume a pseudo-lateral position (Fig 
1; B and C), which makes it strikingly different from other species in the section. At flowering 
stage, the plant appears to be covered with flowers. Fully ripe fruits appear yellowish green 
and produce a sweet smell as in S. grossidentatum A. Rich. and another taxon, incorrectly 
known as S. tarderemotum Bitter (Manoko et al., in prep.).  
However, S. umalilaense can be distinguished from these two species because at fruiting 
stage their calyx lobes are longer and accrescent, covering more than half of the fruits, while 
in S. umalilaense the lobes are extremely short and cover less than a quarter of the fruit (Fig. 
1; D). Solanum umalilaense produces comparatively small fruits that remain attached on the 
plant even when fully ripe while those in S. tarderemotum and S. grossidentatum are 
relatively larger and fall with the pedicel when ripe. Although the stem of Solanum 
umalilaense is purple as in S. florulentum Bitter, another species that produces a large 
number of flowers, the two species can be differentiated based on a number of 
characteristics. The peduncle is simple in S. umalilaense but forked in S. florulentum. The 
styles are exserted beyond the anthers in both species but remain straight in S. umalilaense 
and are curved in S. florulentum. Also, in S. florulentum the mature fruit drops with its pedicel 
but it remains on the plant in S. umalilaense. 
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In phenetic and cladisitc analyses of an AFLP dataset, S. umalilaense had 100% Jackknife 
support in the Neighbour Joining and Maximum Parsimony trees (Manoko et al., in prep.).  
 
 
Distribution and Ecology 
 
In Tanzania this species is known only from Umalila (Mbeya region) in the Southern 
highlands, frequently as a ruderal in ash in charcoal-burning areas. However, the 
comparable material at BR (Leteinturier et al. 145) was collected from Kabwe area in Zambia 
which suggests that the species also was found in this region, although is missing in the 
Flora Zambesiaca (Goncalves, 2005). 
 
Conservation status 
 
Solanum umalilaense grows in a protected area (Umalila Forest Reserve). As one of the 
traditional vegetables the Umalila people cultivate this species in their home gardens as a 
leafy vegetable with the local name Isongwe. 
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Abstract 
 
Two hexaploid species of Solanum sect. Solanum are found in Africa, namely Solanum 
scabrum and S. nigrum. Solanum scabrum is a widely cultivated species and is used as a 
leafy vegetable, as a source of medicine and as a source of ink dye. In previous studies a 
wide range of morphological diversity has been reported in this species but it was not clear 
whether or not these differences were reflected at the genomic level. In the present study 
genetic diversity within cultivated forms of S. scabrum from different geographical areas and 
between cultivated and wild forms was investigated using AFLP markers. The results show 
that there is more molecular diversity within accessions than among them. Furthermore, 
despite the morphological variability that has been observed, accessions of S. scabrum from 
different geographical areas are generally genetically uniform. The observed morphological 
differences can be attributed to human selection. Although subspecies are recognized in S. 
nigrum and have also been proposed in S. scabrum, the current study found no support for 
the recognition of subspecies in these two species.  
 
Introduction 
 
There are two hexaploid species of Solanum L. section Solanum found in Africa: S. scabrum 
Mill. and S. nigrum L. Solanum scabrum is probably the most important indigenous leafy 
vegetable in section Solanum. It is widely cultivated throughout the African continent 
(Edmonds and Chweya, 1997; Focho et al., 2002; Fontem and Schippers, 2004; Edmonds, 
2006). In West Africa it is extensively cultivated in Cameroon and even exported from there 
to Nigeria and Gabon (Fontem and Schippers, 2004). Farmers in most part of West Africa 
prefer S. scabrum because of the potential for intercropping and multiple harvesting per 
cropping cycle, the availability of market chains, the low pest control requirements, and the 
low input requirements. Farmers use a set of morphological characteristics as criteria, based 
on which certain types are selected for cultivation (Focho et al., 2002; Fontem and 
Schippers, 2004). The centre of origin of S. scabrum is probably in West Africa (Bukenya and 
Hall, 1988; Focho et al., 2002; Fontem and Schippers, 2004; Olet, 2004; Edmonds, in press) 
and the species was first domesticated in Africa (Lester and Daunay, 2003) and is introduced 
to Europe, North America, Australia and New Zealand.   
In terms of nutritive value, S. scabrum has a higher protein content in its leaves than other 
leafy vegetables in section Solanum (Jacoby, 2003). Although leaf yield may be influenced 
by diseases (Fontem et al.,www.underutilized-species.org/), generally S. scabrum yields 7-
27 t/ha (Fontem and Schippers, 2004), which is probably the highest in section Solanum.  
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Solanum scabrum is susceptible to some crop diseases caused by fungi, bacteria and 
nematodes. Fore example some cultivars of S. scabrum are susceptible to late blight caused 
by Phytophthora infestans (Mont.) de Bary (Fontem and Olanya, 2003; Fontem and 
Schippers, 2004; Fontem et al., 2004). The importance of S. scabrum goes beyond its use as 
leafy vegetable as it is also used for medicinal purposes, and as a source of fodder and ink, 
and it provides income especially for women (Schippers, 2002; Fontem and Schippers, 
2004). 
While growing accessions of the cultivated forms of S. scabrum for the present study, we 
observed that they could be divided into two main groups based on their morphological and 
habit differences. Group 1: tall plants (majority 1.5- 2m high), characterized by a large 
number of leaves, fewer and widely separated inflorescences, a small number of 
flowers/fruits per plant, taking longer to flower. Group 2: shorter plants (majority <1m) with a 
lower number of leaves, more and closely spaced inflorescences, a larger number of 
flowers/fruits per plant, and flowering earlier than group 1. Olet (2004) also found 
morphological differences between the wild and the cultivated forms of S. scabrum and 
proposed the recognition of two subspecies, subsp. scabrum and subspecies laevis Olet. 
The latter represented the wild form of S. scabrum, previously incorrectly thought to be S. 
nigrum in Uganda (Olet et al., 2005). Individuals of subsp. laevis were morphologically 
comparable to individuals of our group 2. Morphological diversity in S. scabrum has also 
been reported in Cameroon (Focho et al., 2002; Fontem and Schippers, 2004). However, it 
has never been established to date whether or not these morphological differences are also 
reflected in molecular data. There is also a need to understand the level of the genetic 
diversity within the cultivated forms from different geographical areas and between the 
cultivated and the wild forms. This knowledge can be important to select materials for 
conservation of genetic resources as has been done in other crops (Caicedo et al., 1999; 
Muluvi et al., 1999; McGregor et al., 2002; Lanteri and Barcaccia, 2005; de Vicente et al., 
2005). 
Within the second hexaploid species, S. nigrum L., two subspecies have been recognized, 
namely subsp. schultesii (Opiz) Wessely (villous, with glandular hairs) and subsp. nigrum 
(moderately pubescent, with eglandular hairs). The latter is the only subspecies found in 
Africa (Hawkes and Edmonds, 1972; Edmonds 1979; Edmonds and Chweya, 1997). Some 
authors (Henderson, 1974; Dehmer, 2001; Olet, 2004) found no evidence for subspecies in 
S. nigrum accessions from Australia, Europe and Uganda. However, Gbile (1986), suggested 
that differences in habit (procumbent against erect) and style position with respect to the 
anthers could be used to recognize two subspecies in the African material of S. nigrum.  
Molecular markers (AFLP) have been used successfully to elucidate genetic diversity within 
crops and their wild relatives, and between accessions of cultivated or semi-cultivated plants 
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from different geographical or ecological areas, and as basis for selection and for 
conservation of genetic diversity (Perera et al., 1998; Mace et al., 1999; Muluvi et al., 1999; 
Dehmer, 2001; McGregor et al., 2002; Potokina et al., 2002; Hammer et al., 2003; Vergara 
and Bughrara, 2003; Lanteri and Barcaccia, 2005; Shan et al., 2005; de Vicente et al., 2005). 
The current study was designed to: (1) establish, using AFLP markers, whether or not the 
morphological differences exhibited by S. scabrum merit subspecies recognition, (2) examine 
the genetic diversity of S. scabrum accessions and its implication to genetic conservation, 
and (3) examine the genetic relationships between the African and European S. nigrum and 
the possible existence of subspecies in African S. nigrum.  
 
Materials and methods 
 
Plant materials  
Seeds were obtained as part of our study of revising the representatives of Solanum section 
Solanum in Africa. Solanum opacum A. Braun & Bouché, another hexaploid but from 
Australia, was also included in this study. All plants were raised from seed and grown under 
glasshouse conditions. Forty-seven accessions were used, each represented by at least 2-3 
individuals. Table 1 lists the taxa and accessions used.  
DNA extraction 
From each individual 40 mg of leaf material was collected in a 1.5ml eppendorf tube that was 
immediately immersed in liquid nitrogen. DNA was isolated using a Promega kit, dissolved in 
100µl DNA hydration liquid provided and stored at –20 °C. Concentration of DNA was 
determined using a spectrophotometer and the quality was checked by electrophoreses on a 
1% agarose gel.  
AFLP analysis 
AFLP was performed using 0.5µg of DNA for AFLP analysis according to Vos et al. (1995) 
with some modifications. Genomic DNA restriction was achieved using EcoRI and MseI 
restriction enzyme and pre-amplification were performed using EcoRI+A and MseI+C 
primers. Pre-amplification products were diluted 50 times in 10mmTris (pH8.0) before 
selective amplification. Selective amplification was carried out using a D4 dye (Beckman 
Coulter) with labeled EcoRI primer and unlabeled MseI primers, both primers with 3 selective 
nucleotides, i.e. EcoRI+AAC/MseI+CAC and EcoRI+ACC/MseI+CAT. Selective amplification 
products were diluted 10 times in Sample Loading Solution (SLS, Beckman Coulter). Two 
microliters of this dilution were added to 33µl of SLS buffer containing 0.2µl of CEQ DNA size 
standard 600 (Beckman Coulter). Resulting fragments were analysed using a Beckman 
Coulter 8000 fragment analysis system. AFLP bands at each locus were scored as binary 
characters.  
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Table 1. Accessions of species used in this study and their country of origin. 
Acc. no. Acc. code Received as Identified as Origin 
924750115 92115scab S. scabrum S. scabrum Uganda 
944750242 94242scab S. scabrum S. scabrum Indonesia 
954750350 95350scab S. scabrum S. scabrum Unknown 
954750359 95359scab S. nigrum agg. S. scabrum Indonesia 
994750007 99007scab S. scabrum S. scabrum Cameroon 
994750023 99023scab S. scabrum S. scabrum Ghana 
994750031 99031scab Solanum sp. S. scabrum Tanzania 
A04750309 A0309scab S. physalidicalyx S. scabrum Argentina 
A14750001 A1001scab S. scabrum S. scabrum Unknown 
A14750021 A1021scab S. melanocerasum S. scabrum South Africa 
A14750030 A1030scab S. scabrum S. scabrum Uganda 
A14750031 A1031scab S. nigrum subsp. 
nigrum 
S. scabrum Uganda 
A14750135 A1135scab S. nigrum S. scabrum Ghana 
A14750136 A1136scab S. nigrum agg. S. scabrum Indonesia 
A14750154 A1154scab Solanum sp. S. scabrum Kenya 
A14750162 A1162scab S. scabrum S. scabrum Kenya 
A34750036 A3036scab S. scabrum S. scabrum Kenya 
A34750037 A3037scab S. scabrum S. scabrum Kenya 
A34750042 A3042scab S. eldorettii / 
eldorettianum 
S. scabrum Kenya 
A34750045 A3045scab S. eldorettii / 
eldorettianum 
S. scabrum Kenya 
A34750050 A3050scab S. scabrum S. scabrum Kenya 
A34750053 A3053scab S. scabrum S. scabrum Kenya 
A34750058 A3058scab S. sarrachoides S. scabrum Kenya 
A34750069 A3069scab S. scabrum S. scabrum Kenya 
A34750456 A3456scab S. americanum S. scabrum Indonesia 
A34750483 A3483scab S. scabrum S. scabrum Unknown 
824750016 82016nigrsch S. nigrum subsp. 
nigrum 
S. nigrum subsp. 
schultesii 
Italy 
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Table 1. Continued. 
824750029 82029nigrsch S. nigrum subsp. 
nigrum 
S. nigrum subsp. 
schultesii 
Germany 
834750011 83011nigrsch S. nigrum subsp. 
schultesii 
S. nigrum subsp. 
schultesii 
Netherlands 
874750040 87040nigr S. nigrum subsp. 
nigrum 
S. nigrum subsp. 
nigrum 
Belgium 
884750071 88071nigr S. nigrum subsp. 
nigrum 
S. nigrum subsp. 
nigrum 
Belgium 
954750355 95355nigr S. chenopodioides S. nigrum subsp. 
nigrum 
Unknown 
964750044 96044nigr S. nodiflorum S. nigrum subsp. 
nigrum 
Unknown 
A04750041 A0041nigr S. nigrum subsp. 
nigrum 
S. nigrum subsp. 
nigrum 
Unknown 
A04750042 A0042nigr S. nigrum S. nigrum subsp. 
nigrum 
Unknown 
A14750059 A1059nigr S. nigrum S. nigrum subsp. 
nigrum 
Unknown 
A14750143 A1143nigrsch S. nigrum S. nigrum subsp. 
schultesii 
Unknown 
A14750157 A1157nigr S. nigrum complex S. nigrum subsp. 
nigrum 
Zimbabwe 
A14750158 A1158nigr S. nigrum complex S. nigrum subsp. 
nigrum 
Zimbabwe 
A14750159 A1159nigr S. nigrum complex S. nigrum subsp. 
nigrum 
Zimbabwe 
A34750452 A3452nigr S. americanum S. nigrum subsp. 
nigrum 
El Salvador 
A34750480 A3480nigr S. nigrum subsp. 
nigrum 
S. nigrum subsp. 
nigrum 
Romania 
884750223 88223opac S. opacum S. opacum Unknown 
904750211 90211opac S. opacum S. opacum Australia 
954705167 95167opac S. opacum S. opacum Australia 
A14750110 A1110opac S. opacum S. opacum Australia 
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Table 1. Continued.                                                                                                                    
A24750113 A2113opac S. opacum S. opacum Australia 
904750062 90062dulca S. kitagawae S. dulcamara Unknown 
     
Column 1 gives the Radboud University seed bank accession number and column 2 presents the code used in 
our study. Column 3 and 4 list the name of the accessions as provided by the seed donor and the names given 
to each accession after our identification, respectively. Country of origin is listed in column 5. Nomenclature 
follows Edmonds and Chweya (1997) and Olet (2004). 
Data analysis 
The genetic distances between OTUs were analysed using UPGMA and NJ, and the 
phylogenetic relationships between species were reconstructed with MP methods. All 
analyses were performed using PAUP version 4.0 b10 (Swofford, 2001). Jackknife analyses 
(10,000 replicates) were run with both NJ and MP settings. Solanum dulcamara was used as 
an outgroup.  
 
Results 
 
AFLP fragments and clustering patterns 
EcoRI+ACC/MseI+CAT and EcoRI+AAC/MseI+CAC primer combinations produced 175 and 
273 polymorphic bands, respectively. In both distance methods (NJ and UPGMA), three 
clusters were formed, each representing one of the three hexaploid species involved in this 
study with Jackknife values 70-93% (Fig. 1).  
Cluster I comprised all accessions of S. scabrum including the two accessions A1031scab 
and 95125scab that were considered to be S. nigrum in Uganda (Olet, 2004).  Only the 
accession 99023A/Bscab from Ghana was supported as different from the other S. scabrum 
accessions (Jackknife value 98%). 
 
 
 
 
Figure 1: A Nei-Li genetic distance Neighbour Joining tree based on 448 AFLP fragments produced using the 
two primer combinations combined. Numerals at nodes are Jackknife support values based on 10,000 replicates. 
Solanum scabrum plant size and origin of materials are on the right of the figure. KEN=Kenya, UGA= Uganda, 
TZA= Tanzania, ZAF= South Africa, ARG= Argentina, GHA= Ghana, IDN= Indonesia, CAM= Cameroon. 
‘Wild’ represents the wild form of S. scabrum. 
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Generally, individuals in this cluster did not cluster according to their accessions or their 
geographical provenance (East and West Africa, South Africa, India, Indonesia, and 
Argentina (Table 1)), nor according to Olet’s proposed subspecies or the two cultivated 
groups that can be distinguished based on morphology (tall against short). The topology 
shows extremely short branches between subgroups and long branches within the 
subgroups, and these groups are supported by Jackknife values below 50%, and thus 
collapse in the Jackknife consensus tree.  
Cluster II was made up of S. nigrum accessions. Individuals in this cluster also did not cluster 
according to their accessions or according to their geographical origin (Africa, Argentina, El 
Salvador and Europe), nor to the formally recognized subspecies (Hawkes and Edmonds, 
1972; Edmonds, 1979; Edmonds and Chweya, 1997) or to the morphological differences 
suggested by Gbile (1986). Even the accession A3480Bnigrsch that displays an extremely 
long branch due to possession of unique bands (Fig. 1) was actually not significantly different 
morphologically from other S. nigrum accessions. Cluster III was made up of S. opacum. 
Contrary to the clustering in clusters II and I, individuals in this cluster generally clustered in 
their respective accessions.  
 
Phylogenetic relationships 
A Maximum Parsimony 50% majority rule consensus tree is given in Figure 2. At the species 
level the topology of this tree is similar to MP Jackknife and strict consensus trees, and to the 
trees produced by the distance methods. Solanum scabrum and S. opacum were supported 
by 84% and 92% MP Jackknife values, respectively, but S. nigrum by only 54%. The sister 
group relationship between S. scabrum and S. nigrum is supported by 82% MP Jackknife 
support value. 
 
Discussion 
 
Our study supports the specificity of the three hexaploid species S. scabrum, S. nigrum and 
S. opacum as illustrated in Figures 1 and 2. At the species level this is in line with other 
studies where morphological data have been used (e.g. Henderson, 1974; Edmonds, 1979; 
Symon, 1981; Edmonds and Chweya, 1997) and with respect to S. nigrum and S. scabrum 
our results compare with Dehmer (2001) and (Olet 2004).  
 
 
 
Figure 2: A maximum parsimony 50% majority rule consensus tree based on the same data set as in Fig. 1. 
Lower and upper values at the nodes represent Jackknife support values and 50% consensus values, respectively. 
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Genetic diversity in S. scabrum 
The clustering pattern exhibited by S. scabrum individuals in this study indicates that the 
genetic variation is higher within accessions than between accessions.  
The lack of clustering according to geographical provenance is an indication that accessions 
from different geographical areas (East and West Africa, South Africa, India, Indonesia, and 
Argentina) are genetically not significantly different either. A similar pattern was also reported 
between Ugandan, Indonesian and European material (Olet, 2004).  
In the present study the clustering pattern also did not reflect the previous reported 
morphological differences. The lack of congruency between morphological and genetic 
differences probably suggests that much of the morphological differences can be attributed 
to  farmer’s selection. Solanum scabrum is the most intensively cultivated leafy vegetable in 
section Solanum, and as such has undergone selection by farmers.  
 
In West Africa leaf size, stem wing and stem branching characteristics are used as basis for 
selection (Fontem et al. www.underutilized-species.org/) and these are actually more 
pronounced in the tall form of this species. The shorter forms of S. scabrum produce more 
fruits than the taller ones. This could indicate that this type is selected for the number of fruits 
rather than leaf production, the fruits being used as source of dye and ink (Fontem and 
Schippers, 2004). Since from a morphological point of view the shorter cultivated form is 
more similar to the wild form, it could be hypothesized that these forms were the first to be 
selected from wild populations, with the taller types developing in a later stage from the 
shorter forms. However, this hypothesis is not supported with AFLP data in the current study 
(Fig. 1 and Fig. 2), where there is no apparent clustering of the wild and shorter cultivated 
forms. It is likely therefore that the short and tall forms have both been derived directly from 
the wild form, as a result of bidirectional selection for the production of fruits (as source of ink 
and dye) and leaves, as vegetable, respectively. 
 
Based on the present study it also appears  that there are no significant genetic differences 
between the cultivated and the wild forms of S. scabrum. The clustering of the two 
accessions 92115scab and A1031scab with S. scabrum accessions in the present study 
confirmed conclusions reached by Olet (2004) and Olet et al. (2005) that these were S. 
scabrum accessions and not S. nigrum. The lack of separation between these accessions 
and the cultivated forms, however, indicates that there is no evidence for genetic divergence 
between them, and therefore the subspecies in S. scabrum proposed by Olet (2004) are not 
supported.  
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This observation conforms to many other studies (Lester and Hasan, 1991; Olsen and 
Schaal, 2001; Coulibaly et al., 2002; Lester and Daunay, 2003) where it was also found that 
genotypes of cultivated forms did not change much from their wild genotypes, although they 
do display an increased morphological diversity. This points to the possibility that under 
cultivation genetic changes are slowed down because competition is reduced, natural 
selection being absent or reduced since environmental conditions are kept at an optimum 
and pests are artificially controlled.  
 
Conservation of genetic resources should start with characterization of the diversity. 
Characterizations based on markers that have the potential to provide information on genetic 
variation like AFLPs may be more informative than morphological characterization. The 
present study yields a low genetic diversity in S. scabrum. Possibly, higher variability could 
be found in West Africa where the domestication presumably started and especially in Ghana 
as indicated by the supported isolated position of accession 99023scab. It might be desirable 
therefore to undertake in situ conservation strategies in these areas. 
  
Solanum nigrum 
AFLP markers did not support the two formally recognized subspecies in S. nigrum. This 
observation gives us reason to believe that hair characteristics carry little taxonomic 
information at the subspecies level in section Solanum. This conclusion is in agreement with 
Dehmer (2001) and we have also observed similar results within S. villosum Mill. (Manoko et 
al. in prep.). Also Edmonds and Glidewell (1977) did not find support for subspecies within S. 
nigrum using acrylamide gel electrophoresis of seed proteins. Phylogenetically, there is no 
clear pattern to indicate the origin of glandular hairs in S. nigrum. The distribution of 
individuals with glandular hairs (nigrschu) all over the majority rule consensus tree (not 
shown) may be taken to suggest that glandular hairs have been gained and lost several 
times. Similarly, we do not find support for the subspecies proposed by Gbile (1986), based 
on habit and on the exsertion of the style beyond the anthers. Furthermore, flowers with 
exserted and non exserted styles can be found on the same plant in S. nigrum and in other 
species, e.g. S. scabrum and S. villosum.  
The S. nigrum clade has a lower (54%) MP Jackknife support value although this group 
exhibits 93% Jackknife support in the NJ tree. This indicates that there is a relatively low 
number of synapomorphic bands and a relatively large number of autapomorphic bands.  
Olet (2004) found that S. scabrum and S. nigrum were not close relatives. However, 
crossability studies by Heiser et al. (1965) in which fertile hybrids with 91-95% pollen 
stainability were produced between S. scabrum and S. nigrum, do suggest they share a 
recent common ancestor.  
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Conclusions 
 
Based on the current study the following conclusions can be made: (1) Solanum scabrum 
shows morphological variability but low genetic variability between accessions from different 
geographical regions. We argue that the observed morphological differences are mainly 
caused by human (bidirectional) selection. (2) Individuals from accession 99023scab from 
Ghana are genetically distant from all other accession of S. scabrum. This suggests that 
more genetic diversity might be encountered if extensive sampling is done in West Africa 
where the species is said to have its centre of genetic diversity. (3) No support was found of 
subspecies in either S. scabrum or S. nigrum, and hair type is not a reliable taxonomic 
characteristic at the subspecies level.  
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Introduction 
 
Section Solanum is one of the sections that have been the subject of extensive taxonomic 
work in the genus Solanum L. This is partly due to its supposed evolutionary basal position in 
the genus (Seithe, 1979), its use as a leafy vegetable, its value in traditional medicine 
(Siemonsma and Jansen, 1993; Edmonds and Chweya, 1997; Schippers, 2000; Manoko and 
van der Weerden, 2004a and b) and its prospect in conventional medicine (Bradley, 1979; 
D’Arcy, 1979; Smith, 1991; Lin et al., 1995; Heo, et al., 2004; Heo and Lim, 2005; Jainu and 
Devi, 2005). More than 30 species have been described within section Solanum since 
Linnaeus described S. nigrum L. with its 6 varieties (Edmonds and Chweya, 1997), about 
one third of them from Africa (Bitter, 1912; Cufodontis, 1963; D'Arcy and Rakotozafy, 1994; 
Edmonds and Chweya, 1997; Lester, 1997; Bosser et al., 2000; Olet, 2004; Edmonds, 2005; 
Edmonds, 2006; Bitter, 1923; Edmonds, in press a and b). Despite these treatments, not 
much is known yet about the interspecifc relationships among the African species nor of the 
relationships between the species found in Africa and their relatives elsewhere. Recent work 
on African species (Jacoby, 2003; Olet, 2004) studied material from restricted geographical 
areas and chapters 2, 3 and 5 of this thesis only looked at the relationships of species of the 
same ploidy level. The present study aims at showing the relationships of material from all 
ploidy levels, from the entire ranges of these species in Africa, supplemented with relatives 
from other geographical areas.  
 
Choice of molecular markers  
The use of molecular markers in taxonomic studies has increased tremendously in recent 
years. Molecular markers that have been commonly used in taxonomic studies in the genus 
Solanum include nuclear and chloroplast gene sequences, Restriction Fragment Length 
Polymorphism (RFLP), Short Sequence Repeats (SSRs) and Amplified Fragment Length 
Polymorphism (AFLP) (Bohs and Olmstead, 1997; Kardolus, 1998a, 1998b; Bohs and 
Olmstead, 1999; Mace et al., 1999a, 1999b; van den Berg et al., 2002; Jacoby et al., 2003; 
Bohs, 2005; Levin et al., 2005). Generally, markers that cover the whole genome such as 
RFLP, RAPD, AFLP and SSR have been used more frequently than gene sequences. In 
terms of information content and performance (reproducibility, number of fragments amplified 
per assay, frequency of polymorphic fragments per assay unit, number of unique profiles 
produced per assay, ability to distinguish among related individuals and interpretability and 
convenience), AFLP markers seem to perform much better than the other whole genome 
markers mentioned above (Powell et al., 1996; Gerber et al., 2000; McGregor et al., 2000; 
Rademaker et al., 2000; van den Berg, 2002; Garcia et al., 2004; Spooner et al., 2005). 
AFLP fragments found at the same locus are mainly homologous (Waugh et al., 1997; 
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Rademaker et al., 2000). Other studies have shown, however, that AFLP markers may be 
homoplasic, though to a lower extent (Tosto and Hopp, 2000; Despérs et al., 2003; Guo et 
al., 2005, Vekemans et al., 2002; Gaudeul et al., 2004). 
In chapters 2, 3 and 5, the relationships among species from the same ploidy level were 
studied. The present study examines the relationships among species of different ploidy 
levels and the effect of combining ploidy levels in cluster analysis and phylogeny 
reconstruction. 
 
Materials and methods 
 
Plant material. This study followed after species delimitation and reconstruction of 
relationships among diploid, tetraploid and hexaploid species (chapters 2, 3 and 5). In the 
current study each species was mainly represented by accessions used in the previous 
chapters, but extra material from Africa (not included in the earlier studies) was added. 
Solanum tarderemotum Bitt. forms A and B, which were confirmed to be introgressed hybrids 
between S. florulentum Bitt. and S. tarderemotum, were not included in the current study. In 
order to explore relationships between material from Africa and from other regions, 
accessions from other geographical regions, especially South America, were added (Table 
1). Solanum aethiopicum L. and S. dulcamara L. were used as outgroups. Nomenclature 
follows the conclusions reached in chapters 2 and 3. 
Data analysis. The AFLP markers (see previous chapters) were analysed using phenetic 
and cladistic approaches and NJ (Fig. 1) and MP (Fig. 2) trees were generated. During MP 
analysis, two heuristic searches were performed and trees from the first heuristic search 
were used as starting trees in the second search. Jackknife analyses (10, 000 replicates) 
were run with NJ (values in Fig. 1) and MP settings (Fig. 2). All analyses were performed 
using PAUP version 4.0 b10 (Swofford, 2001). 
The mean number of fragments per species was calculated and the significance of the 
differences in the mean across species tested using ANOVA.  
 
Results 
 
Clustering patterns. Since the two primer combinations separately produced trees with a 
similar topology (chapter 2 and 3), in the present study data from the two pairs of primer 
combination were combined. The two primer combination together produced 738 
polymorphic bands. The NJ analyses produced trees with – besides the outgroups - 21 
clusters, each representing one species from section Solanum (Fig. 1).  
 
Relationships within Solanum section Solanum  
 97
Table 1. Accessions of different species used  
Species Acronomy Number of individuals 
included  
Accessions 
represented  
S. scabrum  SCAB 25 24 
S. opacum OPAC 5 5 
S. nigrum NIGR 16 16 
S. florulentum FLOR 6 2 
S. grossidentatum GROSS 4 4 
S. umalilaense UMAL 3 1 
S. memphiticum MEMP 8 8 
S. patens PATE 1 3 
S. tarderemotum TARD 3 3 
S. villosum VILL 33 33 
S. zahlbruckneri ZAHL 4 2 
S. cochabambense COCH 2 1 
S. chenopodioides CHEN 6 6 
S. tweedianum TWEE 2 1 
Solanum sp. SOL 4 1 
S. nodiflorum  NOD 14 14 
S. lorentzii LOREN 2 1 
S. ptycanthum PTY 3 1 
S. nigrescens NIGRE 2 1 
S. physalifolium PHY 3 3 
S. americanum AMER 7 7 
S. aethiopicum AETH 3 1 
S. dulcamara DULCA 2 1 
 
These clusters could be divided into three groups (A, B and C), with 7 (i-vii), 8 (viii-xv) and 6 
(xvi-xxi) clusters, respectively. Group A was made up of all hexaploid species and a number 
of tetraploid species; group B was made up of only diploid species and group C included 
diploid and tetraploid species. Each of these groups was supported with rather low Jackknife 
values between 66-75% (with the diploid S. zahlbruckneri Bitt. excluded from group B).  
 
Cluster i and ii were made up of the two hexaploid species found in Africa, S. scabrum Mill. 
and S. nigrum, respectively. Cluster iii was made up of S. villosum Mill. (a tetraploid species).  
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The relationship between cluster iii and the combination of cluster i and ii is only weakly 
supported (59% Jackknife support value). Clusters iv, v and vi were made up of S. 
memphiticum  
J.F. Gmel. , S. umalilaense sp. nov., and S. florulentum, respectively, and form a subgroup 
with 91% Jackknife support. Cluster vii was made up of S. opacum A. Braun & Bouché, a 
hexaploid from Australia. 
 
Cluster viii was made up of S. nodiflorum Jacq. and cluster ix-xii comprised 4 closely related 
species (S. americanum Mill., S. ptycanthum Dunal, S. nigrescens M. Martens & Galeotti  
and the Brazilian Solanum sp.). The connection between the latter group and S. nodiflorum 
was 100% supported. Solanum lorentzii Bitt., S. cochabambense Bitt. and S. zahlbruckneri 
occupied clusters xiii, xiv and xv. Cluster xvi–xviii contained the diploid species (S. 
chenopodioides Lam., S. physalifolium Rusby and S. tweedianum Hook.) (80% Jackknife 
support value). The remaining clusters (xix-xxi) were made up of tetraploid species (S. 
tarderemotum, S. patens Lowe and S. grossidentatum).  
Each species was supported with a NJ Jackknife value ranging from 89-100%, with the 
exception of S. nigrum which had only 56% support.  
 
Phylogenetic relationships between species. In the MP Jackknife tree (Fig. 2), each of the 
species formed a reasonably well supported clade (Jackknife values 77-100%) with the 
exception of S. villosum (clade iii) where only some of its individuals formed a clade with 56% 
Jackknife support and other individuals formed part of the polytomy consisting of the clades i 
– vii. Furthermore, the groups A and B are not separated as in the NJ tree, group A being 
nested within B.  
 
 
 
 
Fig. 1: NJ tree based on 783 polymorphic AFLP loci generated from 162 individuals (157 section Solanum and 4 
of outgroups) by the two pairs of primers combinations combined. Numbers at the nodes are NJ Jackknife 
support based on 10,000 replicates. Roman numeral denotes the number of each cluster. The first and second 
right braces designate each species and ploidy levels, respectively. SCAB = S. scabrum, NIGR = S. nigrum, 
VILL= S. villosum, MEMP = S. memphiticum, UMAL= S. umalilaense, FLOR = S. florulentum, OPAC = S. 
opacum, NOD = S. nodiflorum, AMER = S. americanum, PTY = S. ptycanthum, NIGRES = S. nigrescens, 
SOL= Solanum sp., LOREN = S. lorentzii, COCH = S. cochabambense, ZAHL= S. zahlbruckneri, CHEN = S. 
chenopodioides, PHY = S. physalifolium, TWEE = S. tweedianum, TAR = S. tarderemotum, PATE = S. patens, 
GROSS = S. grossidentatum, AETH = S. aethiopicum, DULCA= S. dulcamara. The last two species are 
outgroups. 
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The relationships between many of the species are unresolved. After the S. dulcamara and 
S. aethiopicum, a completely resolved group C was supported with 94% Jackknife value. The 
tetraploid species Solanum tarderemotum, S. patens and S. grossidentatum formed a clade 
with 99% Jackknife support, with S. tarderemotum and S. patens as sister species. A diploid 
species, S. tweedianum, is the sister species of these tetraploid species, but this relationship 
was only poorly supported (50% Jackknife value). Similarly, the relationship between the 
remaining diploid species (S. chenopodioides and S. physalifolium) was also poorly 
supported (54%).  
Number of fragments per ploidy level 
Table 2 gives the number of fragments for each species showing that there is no clear 
correlation between ploidy level and number of fragments. Species of higher ploidy levels do 
not necessarily show a higher fragment number. 
 
Discussion 
 
The rationale of the present study was to reconstruct the genomic relationships between 
different species of different ploidy levels assessing the effect of the ploidy levels in the 
clustering pattern.  
It could be expected that the number of bands produced by species of the same ploidy level 
would not vary significantly and that this would influence the clustering pattern, especially 
under the phenetic approach (NJ method). In the present study however, significant 
differences in the number of bands produced were recorded both within and between ploidy 
levels (Table 2). For example, the numbers of bands produced by some diploids species (S. 
ptycanthum, S. nigrescens, S. physalifolium and S. americanum) were not only significantly 
lower than those produced by the tetraploid (S. florulentum, S. grossidentatum, S. 
umalilaense and S. memphiticum) and the hexaploid species (S. scabrum and S. opacum) 
but also lower than those of other diploid species such as S. zahlbruckneri, S. 
cochabambense, and S. chenopodioides. Similarly, the number of bands produced by S. 
villosum was significantly lower than that most of the tetraploid species included in the 
current study. The analysis based on overall similarity (Fig. 1) indicates that the clustering 
pattern was not influenced by ploidy level or by the number of bands produced by different 
species.  
 
 
 
Fig. 2: MP Jackknife tree based on the same AFLP markers as in Fig. 1. Values above branches are MP 
Jackknife support based on 100 replicates.  
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Table 2. Mean number of fragments produced by section Solanum species and their 
significance levels. 
Species Acronomy Ploidy level Mean number 
of bands 
produced per 
species 
Significance 
level at p 
value=0.05 
S. scabrum  SCAB 2n = 6x 104 cde 
S. opacum OPAC 2n = 6x 103 cde 
S. nigrum NIGR 2n = 6x 94 ef 
S. florulentum FLOR 2n = 4x 126 a 
S. grossidentatum GROSS 2n = 4x 123 a 
S. umalilaense UMAL 2n = 4x 122 ab 
S. memphiticum MEMP 2n = 4x 119 ab 
S. patens PATE 2n = 4x 112 abc 
S. tarderemotum TARD 2n = 4x 111 abcd 
S. villosum VILL 2n = 4x 100 cdef 
Solanum sp. SOL 2n = 2x 89 efg 
S. nodiflorum  NOD 2n = 2x 87 efg 
S. lorentzii LOREN 2n = 2x 83 fg 
S. ptycanthum PTY 2n = 2x 85 fg 
S. nigrescens NIGRE 2n = 2x 84 fg 
S. physalifolium PHY 2n = 2x 85 fg 
S. americanum AMER 2n = 2x 81 g 
S. zahlbruckneri ZAHL 2n = 2x 106 bcd 
S. cochabambense COCH 2n = 2x 105 bcde 
S. chenopodioides CHEN 2n = 2x 103 cde 
S. tweedianum TWEE 2n = 2x 100 cdef 
 
Legend: Species sharing any of the figures a, b, c, d e, f, or g (last column) indicates that the differences in their 
means are not significant at p value =0.05. Conservative least significant difference (CLSD) at 0.05=19.86. 
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For example, the tetraploid species were split into two groups: one group (S. memphiticum, 
S. umalilaense, and S. florulentum together with S. villosum) clustering with the hexaploid 
species, and a second group (S. grossidentatum, S. tarderemotum and S. patens) clustering 
with the diploid species (S. chenopodioides, S. tweedianum and S. physalifolium), despite 
the difference in ploidy level and number of bands produced.  
 
Relationships between species 
The current study indicates that the hexaploids S. nigrum and S. scabrum are closely related. 
It might even be possible that S. nigrum and S. scabrum share the same ancestry and 
developed into different species through polyploidization followed by ecological separation 
(Soltis and Soltis, 1995; Briggs and Walters, 1997; Soltis and Soltis, 1999; Hegarty and 
Hiscock, 2005). The close relationship of these hexaploid species with S. villosum (a 
tetraploid species) on the other hand, indicates that these three species might share a 
common diploid ancestor. Although this cluster is not well supported (NJ 59% Jackknife 
value), it is a well established fact that S. villosum was one of the parents of S. nigrum (Rao 
and Khan, 1971; Jardine and Edmonds. 1974; Edmonds. 1977; Edmonds and Glidwell, 
1977). This is also evident from earlier studies based on morphological data (Soria and 
Heiser, 1961; Heiser and Soria. 1965; Edmonds,1978).  
 
The fact that the tetraploids split into two clearly separate groups in both the NJ and the MP 
trees indicates that these groups probably do not share their diploid ancestors. The tetraploid 
species that fall in group A (clusters iv, v and vi: S. memphiticum, S. florulentum and S. 
umalilaense) likely share at least one of their ancestors, which may also be ancestral to S. 
villosum and the two hexaploid species (S. nigrum and S. scabrum). Heiser and Soria (1965) 
crossed S. villosum and S. memphiticum (there called S. burbankii) and produced F1 hybrids 
with a pollen stainability ranging between 91 to 99%, and a number of seeds comparable to 
their parents. Similarly, the occurrence of the diploid species in separate groups (group B 
and group C) confirms the previously reached conclusion (chapter 2) that S. nodiflorum and 
S. americanum are closely related and are not evolutionary related to the sister species S. 
chenopodioides and S. physalifolium. When the diploid species were analysed in absence of 
S. ptycanthum, S. nigrescens and the other South American diploid species, the unidentified 
Brazilian Solanum sp. appeared to be sister to the clade consisting of S. americanum and S. 
nodiflorum (chapter 2). In the current study, including more diploid species from South 
America, the relationships among the five diploid species (S. nodiflorum, S. americanum, the 
Brazilian Solanum species, S. ptycanthum and S. nigrescens) are not resolved, but the 
clustering of these five species is  supported with 94% MP and 100% NJ Jackknife values. 
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It can therefore be hypothesized that these species share a distant ancestry from which they 
have evolved into different species through long distance dispersal or/and habitat 
fragmentation (allopatric speciation). In the NJ tree S. americanum, S. ptycanthum and S. 
nigrescens and the unidentified Brazilian Solanum sp. are more closely related and S. 
nodiflorum is farther removed. This is in conflict with the conclusion reached in other studies 
where, based on numerical analysis of morphological data and crossing experiments, it was 
concluded that S. americanum and S. nodiflorum were the most closely related species 
(Heiser et al. 1965; Schilling and Heiser 1979).  
 
In the current study S. zahlbruckneri and S. cochabambense are grouped together, but this 
relationship is only poorly supported (59% MP Jackknife value). Gray (1968) and Edmonds 
(1978) concluded that S. cochabambense was a border species in the section and that S. 
tweedianum was the most isolated species. In the present study, the NJ tree places S. 
tweedianum close to the S. physalifolium/S. chenopodioides cluster, but in the MP analysis 
S. tweedianum is sister to a S. patens/S. grossidentatum clade. 
In a crossability study across ploidy levels, Edmonds (1977) found that S. americanum (S. 
nodiflorum?) formed hybrids with S. retroflexum (here S. memphiticum) and S. villosum, and 
also to S. nigrum. Based on this study it was hypothesized that S. americanum (or S. 
nodiflorum) probably contributed its genome to all these species. Although Edmonds and 
Chweya (1997) reported that S. tweedianum and S. chenopodioides (there S. sublobatum) 
could also be crossed with S. nigrum, the present study suggests that only the diploid 
species in group B are likely to have contributed their genome to the species in group A. 
According to Edmonds and Glidwell (1977), S. americanum (S. nodiflorum) can only be one 
of the ancestors of S. villosum as it is unlikely that S. villosum is an autopolyploid from the 
former species. 
It is also likely that S. nodiflorum has contributed a genome to S. scabrum because 
morphologically the two species share almost all of the 22 qualitative characteristics we used 
to distinguish species (see chapter 7) and they could only be distinguished using floral 
characteristics. In their crossing studies (Heiser et al., 1965) found that the hybrids formed 
between S. nodiflorum and S. villosum could hybridize with S. nigrum and S. scabrum 
resulting in offspring that produced F2 hybrids which, based on morphological data, fell in one 
cluster with S. scabrum (there called S. melanocerasum). 
Among the tetraploid species, S. tarderemotum and S. grossidentatum are removed from the 
other tetraploid species studied. In this group (C) S. tarderemotum is phylogenetically more 
closely related to S. patens (that was not included in the previous study) than to S. 
grossidentatum. The clade of these three species has a 99% MP Jackknife support within 
group C.  
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The placement of S. patens in this group was unexpected because in the current literature 
this taxon is considered synonymous to S. villosum subsp. miniatum (Edmonds and Chweya, 
1997). However, morphologically S. patens, which originates from Madeira, is different: its 
sepals are adherent and cover about 3/4 of the fruit as in S. grossidentatum and S. 
tarderemotum while in S. villosum the sepals are clearly reflexed back towards the pedicel  
 
(Fig. 3). Based on these results it is suggested not to treat S. patens as a synonym of S. 
villosum subsp. miniatum. 
The phylogenetic relationship between S. chenopodioides and S. physalifolium is supported 
with 100% MP Jackknife value. This is line with our earlier study (chapter 2) where it was 
also concluded that these two were sister species. However, on the basis of morphology of 
the diploid species in group C, S. physalifolium more closely resembles S. tweedianum than  
S. chenopodioides which conflicts with our AFLP results.  
 
To conclude, polyploidy is one of the major sources of taxonomic complexity (Edmonds and 
Chweya 1997) and a major force of evolution in the section Solanum. Polyploid species can 
be formed through allopolyploidization, autopolyploidization and through introgressive 
hybridization. Polyploid species can also be formed multiple times in different places from the 
diploid ancestors (Briggs and Walters, 1997; Soltis and Soltis, 1999; Hegarty and Hiscock, 
2005). Except for S. nigrum, the ancestry of the polyploid species remains unclear in section 
Solanum. Allopatric speciation modes might have been the major evolutionary process 
leading to diploid species like those in group C.  
Figure 3.  Sepal posture 
A14750161 Solanum villosum subsp. miniatum            964750060 Solanum patens 
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Unfortunately, only a small number of species were involved in the present study. The 
relationships in section Solanum will not be completely understood until information is 
gathered at a global scale, more accessions per species are included, and different 
molecular markers such as nuclear and cpDNA gene sequences are used.  
 
Also information is needed on the cytology, hybridization, morphology, ecology, and 
phylogeography of the species. Such studies could then also address questions such as 
whether or not section Solanum is made up of two subsections as suggested by Child and 
Lester (2001).  
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Abstract 
 
Morphology remains the main source of characters on which taxa are identified and 
described in practice, and which can be used in the construction of keys. However, for the 
purpose of delimiting species, some morphological characteristics are more informative than 
others. In Solanum section Solanum discordant variation and plasticity have caused major 
taxonomic problems and there has been no consensus which morphological characters 
should be used in delimiting species. The present study examines the morphological 
characters and the variability of their character states in ten African species of Solanum 
section Solanum. Both qualitative and quantitative characteristics were assessed. The 
results show that only some of the qualitative and quantitative characteristics considered 
useful in literature can be used to delimit species. 
 
Introduction 
 
Of the many sources of taxonomic information, morphology remains the only source with 
which different taxa are practically identified and described, and keys are constructed. 
Morphology also allows the interpretation of the observed features of plants, and the forming 
of hypotheses on adaptation and evolution (Knapp 2001). Even when molecular markers are 
used in species delimitation and phylogenetic studies, as has been done in the genus 
Solanum L. (Bohs and Olmstead, 1997; Kardolus et al., 1998; Bohs and Olmstead, 1999; 
Mace et al., 1999; Dehmer and Hammer, 2004; Bohs, 2005; Levin et al., 2005; Levin et al., 
2006), it remains necessary to correlate morphology with the clusters/clades defined by 
molecular markers. However, whether or not some morphological characters are more useful 
than other constitutes one of the oldest debates in taxonomy (Just, 1946; Blackwelder, 1967; 
Ornduff, 1978). According to Davis and Heywood (1973), for morphological characters to be 
of taxonomic importance they should meet at least four criteria: (1) they should vary less 
within the supposed groups than between groups; (2) they should be genetically controlled; 
(3) their expression should not be significantly modified by the environment; and (4) the 
characteristics examined should exhibit a pattern that correlates with the pattern of variation 
of other characteristics. 
Such selection criteria are important since the outcome of taxonomic studies is influenced by 
the choice of the characters used. For example, in her study on section Solanum Edmonds 
(1978) showed that nine different sets of morphological data sampled from the same plants 
gave different results. This indicates the necessity to select a comprehensive set of 
morphological characters that will enable a study not to be influenced by the choice of 
morphological markers.  
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For the genus Solanum as a whole, Knapp (2001) has put forward such a list. In section 
Solanum, however, it is unclear which set of morphological data is more useful in delimiting 
species. For example, there is agreement among taxonomists that plasticity and discordant 
variation cause major taxonomic complexity in section Solanum (Baylis, 1958; Henderson, 
1974; Jardine and Edmonds, 1974; Edmonds, 1978; Edmonds and Chweya, 1997; Olet 
2004), but there is no consensus on the morphological characters to be used in the 
taxonomy of this group.  
The current study intends to (1) systematically analyze characteristics of and character state 
distributions within and among ten species of section Solanum from Africa, (2) evaluate the 
usefulness of such characters in differentiating the species as defined in previous chapters of 
this thesis. 
 
Table 1: Individuals used per species 
Species name Code Accessions Individuals
S. nodiflorum Jacq. NOD 20 40 
S. grossidentatum A. Rich. GROSS 5 20 
S. nigrum L. NIGR 14 28 
S. villosum Mill. VILL 41 82 
S. chenopodioides Lam. CHEN 7 28 
S. memphiticum J.F. Gmel. MEMP 7 21 
S. scabrum Mill. SCAB 30 60 
S. florulentum Bitt. FLOR 3 12 
S. tarderemotum Bitt. TARD 3 12 
S. umalilaense sp. nov. UMAL 1 12 
 
Material and methods 
 
This study involved 315 individuals from 131 accessions representing ten species from Africa 
(Table 1). When many accessions were available per species only two individuals per 
accessions were analyzed; when one or only a few accessions were available per species, 
the sample size was increased. Nomenclature is according to the results of the earlier 
chapters of this thesis. 
A list of 48 characters was compiled. However, characteristics such as pollen, seed coat and 
stone cells that have shown not to be diagnostic (Henderson 1974; Edmonds, 1983; 
Edmonds, 1984), and others, which we found to vary extensively even on the same 
individual, such as number of leaf lobes and depth of the incision between the lobes, were 
eliminated.  
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Table 2: Descriptor list: qualitative characters. 
Character States 
01. Color of the stem 1. Green 2. Intermediate 3. Purple  
02. Stem ridges 0. Absent or very small 1. Medium 2. Prominent 
03. Ridge dents 0. Absent or very small 1. Medium 2. Prominent 
04. Hair types 1. Glandular 2. Eglandular 3. Mixture 
05. Pubescence density 0. Glabrous or sparsely pubescent 1. Moderate 2. Densely 
pubescent 
06. Hair position  1. Appressed on the stem 2. Erect  3. Mixture of appressed and 
erect  
07. Leaf margin 0. Entire 1. Sinuate 2. Sinuate dentate 3. Lobed  
4. Combination of entire and sinuate on the same leaf 
08. Leaf apex 1. Acuminate 2. Acute 3. Obtuse  
09. Leaf base  1. Cordate 2. Truncate 3. Cuneate 
10. Peduncle       
orientation  
1. Deflexed 2. Straight or ascending  
11. Inflorescence type  1. Simple umbellate cyme 2. Simple raceme-like cyme 3. 
Branched cyme (paniculate) 4. Branched and simple cymes on 
same plant 
12. Pedicel orientation 1. Dropping 2. Deflexed 3. Erect  
13. Corolla color 1. White 2. White tingled with purple 3. Purple 
14. Color of anthers 1. Yellow 2. Brown 3. Dark brown  
15. Style exsertion  0. No exserted style 1. All exserted 2. Not exserted and exserted 
on same inflorescence 
16. Style posture  0. Geniculate 1. Not geniculate 2. Mixture of geniculate and not 
geniculate styles on same inflorescence  
17. Filament hairs 0. Absent 1. Present 
18. Sepal position on    
      mature fruits  
1. Adherent covering less than a quarter of the fruit 2. Adherent or 
spreading covering at least 1/3 of the fruit 3. Adherent covering 
almost ¾ of the fruit 4. Clearly reflexed back towards the pedicel 
19. Color of ripe fruit 1. Green 2. Yellow 3. Orange 4. Purple/Black 
20. Cuticle of ripen fruit 1. Translucent 2. Opaque shiny 3. Opaque dull 
21. Fruit fragrance  0. Absent 1. Present  
22. Fruit abscission 1. No abscission 2. Abscises with pedicel 3. Abscises without 
pedicel 
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Table 2: Descriptor list continued: quantitative characters. 
23. Blade length (cm) 31. Corolla tube length/petal length ratio 
24. Blade width (cm) 32. Style length (mm) 
25. Blade length/width ratio 33. Style exsertion beyond anthers (mm) 
26. Peduncle length (mm) 34. Anther length (mm) 
27. Pedicel length (cm) 35. Filament length (mm) 
28. Whole petal length (mm) 36. Berry diameter (mm) 
29. Petal lobe width (mm) 37. Berry length 
30. Corolla tube length (mm) 38. Berry length/diameter ratio 
 
During the scoring process characters that were constant in different parts of the plant were 
scored only for one organ. For example, if hair type, pubescence and hair position appeared 
uniform on the stem, leaf and peduncle, this was scored only on the stem.  
All morphological data were collected from greenhouse grown plants according to a 
descriptors list of 38 characters (Table 2), which was developed based on characteristics 
mentioned in previous studies on section Solanum (Edmonds, 1972; Henderson, 1974; 
Edmonds 1978, Bukenya and Hall, 1988; Edmonds and Chweya, 1997; Olet 2004). Twenty-
two of these were qualitative and scored in classes (Table 3), the remaining 16 were 
quantitative. 
For the quantitative characters, measurements were taken at approximately the same 
position on each plant. Mean and standard deviation for each characteristic and for each 
species were calculated. 
Usefulness of each characteristic was assessed based on the criteria of Davis and Heywood 
(1973), and by comparison with species limits deduced from the results of tree-based 
method (distance and maximum parsimony) obtained using AFLP markers (chapters 2, 3 
and 5 of this thesis).  
 
 
 
 
Legend Table 3. 
*Present only in 1-2 individuals 
NOD= S. nodiflorum, GROSS= S. grossidentatum, NIGR= S. nigrum, VILL= S. villosum, CHEN= S. 
chenopodioides, MEMP= S. memphiticum, SCAB= S. scabrum,  FLOR= S. florulentum, TARD= S. 
tarderemotum, UMAL= S. umalilaense 
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Table 3. Qualitative characteristics and their status in each species. 
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1 Color of the stem 1/2/3 1 1/2/3 1/2 1 1/2 1/2/3 1/2 1/2 2 
                        
2 Stem ridges 0/1/2 0 0/1 0/1/2 0 0/1 0*/1/2 0/2 1/2 1/2
                        
3 Ridge dents 0/1/2 0 0/1 0/1 0 0 0*/1/2 0/2 1/2 0 
                        
4 Hair types 3 1 1/3 1/3 3 1/3 3 3 3 3 
                        
5 Pubescence density 0/1* 2 0/2 0/1/2 1/2 0/1/2 0 0 0 0 
                        
6 Hair position 1/2 2 1/2/3 1/2/3 2 1/2 1/3* 1 1/3 1 
                        
7 Leaf margin 0/2/3 0/1/2/3 0/1 1/2/3/4 1/2 3 0/1/2/3 0 0 0 
                        
8 Leaf apex 1/2/3 1/2 1/2 1/2/3 1/2 2 1/2/3 1/2 1/2 1 
                        
9 Leaf base 1/2/3 2/3 1/3* 1/2/3 1/2 2/3* 1/2/3 1/3 2 2 
                        
10 Peduncle orientation 2 2 2 2 1 2 2 2 2 2 
                        
11 Inflorescense type 1/2 1 2 2/4* 1/4* 1/2 1/2/4* 3 1/2 2 
                        
12 Pedicel orientation 2/3 2 2 2 1 2 2/3 2 2 2 
                        
13 Corolla color 1/2/3 1/2 1 1 1 1/2 1/2/3 1/2 2 1/2
                        
14 Color of the anthers 1 1 1 1 1 1 1/2/3 1 1 1 
                        
15 Style exsertion 2 1 2 2 1 2 2 1 2 1 
                        
16 Style posture 1 0 1 1 0 1 1 1 1 1 
                        
17 Filament hairs 0*/1 0*/1 1 0*/1 1 1 1 1 1 1 
                        
18 Sepal position                     
  on mature fruits 4 3 2 4 2 4 4/2* 2 3 1 
                        
19 Color of ripe fruit 4 1 1/4 2/3 4 4 4 4 1 1 
                        
20 Cuticle of ripe fruit 2 1 3 1 3 3 2/3 3 1 1 
                        
21 Fruit fragrance 0 1 0 0 0 0 0 0 1 1 
                        
22 Fruit abscission 3 2 1 1 1 1 1 2 2 1 
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Results 
Table 3 shows the states of the qualitative characteristics in the 10 species examined. These 
characteristics are either multistate or binary. While some characteristics exhibit only one 
state in each species (e.g. calyx lobes position at fruit maturity or fruit abscission), others 
(e.g. stem colour, ridges and dents and leaf margins, apex and base) exhibit more than three 
states within a species. The presence of hairs on the filaments was constant in all the 
species studied with exception of a few individuals.  
The mean and the standard deviation (not shown) of each quantitative characteristic for all 
the species studied demonstrate that some characteristics (such as style length, extent of 
style exsertion) can be used to distinguish species. Other characteristics (e.g. blade 
length/width ratio) are either constant or too variable.  
 
Discussion 
In the following we will discuss the variation displayed by all observed characters, numbers in 
brackets refer to the list of characters in Table 2. 
 
Qualitative characters 
  
Colour of the stem (1) appears in every species description of section Solanum species 
(Henderson, 1974; Bukenya and Hall, 1988; Edmonds, 2005; Edmonds, 2006; Edmonds and 
in press a) and ranges from green to purple or a mix of the two colours. Although three out of 
the ten species studied exhibited one state for this character (green for S. chenopodioides 
and S. grossidentatum and intermediate for S. umalilaense) S. nodiflorum, S. nigrum, and S. 
scabrum exhibited the whole range from green through intermediate to purple. The remaining 
four species showed both green and intermediate colours. As stem colour may vary so 
widely within many species, it is not a reliable diagnostic characteristic at the species level 
although it may be indicative of species showing only one state. This is probably due to the 
fact that anthocyanin concentration in plants can easily be influenced by environmental 
factors and/or stress (Merzlyak and Chivkunova, 2000; Feild et al., 2001). We observed that 
anthocyanin concentration also increases with age. 
 
Stem ridge (2) presence or absence is one of the characters used to distinguish species in 
the section Solanum where the stem ranges from terete to winged and in combination with 
hair characteristics it was used to recognize subspecies in S. villosum (Hawkes and 
Edmonds, 1972; Edmonds and Chweya, 1997).  
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In the present study it was observed that some species had only terete stems (S. 
grossidentatum, S. chenopodioides), but some exhibited two states of this character (S. 
florulentum, S. tarderemotum, S. memphiticum and S. nigrum) and others even exhibited all 
the three states (S. nodiflorum, S. villosum and S. scabrum). Two or three states were 
distinguished even in species in which subspecies are not recognized, and there was no 
correlation with hair type. Furthermore, although in S. villosum prominent ridges were only 
recorded in some accessions of S. villosum subsp. miniatum, very small and medium ridges 
were observed in both subspecies. Also, the size of the stem ridge may vary with growth 
condition and age. Taken together, stem ridge does not seem a good diagnostic character, 
neither at the species nor at the subspecies level.  
 
Ridge dents (3) states often follow a similar pattern, as their sizes depend on the size of the 
wing and they are absent in species with terete stems. Hence, ridge dents do not seem a 
good diagnostic character either. This conclusion is in accordance with other studies (Baylis, 
1958; Henderson, 1974).  
 
Hair type, pubescence density and position (4, 5, 6) character states have played an 
important role in the taxonomy of the genus Solanum, subdividing it into two chorus 
subgenera: Solanum and Stellatipilum (Seithe, 1979). In section Solanum three characters 
regarding hairs (type, density and position) are used in descriptions and keys (Hawkes and 
Edmonds, 1972; Edmonds and Chweya, 1997). Three types of hairs have been described 
(finger hairs, gland-tipped finger hairs and multicellular glands). At the seedling stage all 
species have gland-tipped finger hairs (Seithe, 1979). These three types correspond to the 
terms eglandular hairs, glandular hairs and stalked glands, used by Edmonds (1982). The 
stalked glands are found in all species of section Solanum, and are thus not useful 
taxonomically (Edmonds, 1982). Differences in glandular versus eglandular hair types have 
been used to recognize subspecies in S. nigrum and S. villosum (Hawkes and Edmonds, 
1972; Edmonds and Chweya, 1997). 
However, we found that S. villosum, S. nigrum and S. memphiticum display two states of this 
characteristic, indicating that hair type is not constant within species. This conclusion was 
also reached by Henderson (1974) and Baylis (1958), and hair type is mostly used at the 
subspecies level only (Hawkes and Edmonds, 1972; Edmonds and Chweya, 1997).  
 
The occurrence of different hair types in S. villosum and S. nigrum in Europe are probably 
related to habitat preference.  
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Moreover, as already mentioned above, differences of hair type in S. villosum do not 
correlate with stem ridges, and these characters cannot be used to recognize subspecies. 
The use of hair type differences at subspecies level is also not supported by taxonomic 
studies in which AFLP markers have been used (Dehmer, 2001; Dehmer and Hammer, 
2004; Olet, 2004 and chapters 3 and 5 in this thesis).  
Hair density shows different states in almost 50% of the species examined and therefore 
cannot be a useful character to separate species. Although hair density has been used to 
recognize varieties in S. americanum (Edmonds, 1971, 1972), the difference in hair density is 
likely a function of the environment (Baylis, 1958; Henderson, 1974) or an adaptation 
connected with resistance against pest or herbivory (Drummond, 1986; Spooner et al., 2004; 
Xiang and Chen, 2004; Ayyasamy and Baskaran, 2005). Furthermore, the two varieties of S. 
americanum sensu Edmonds are in fact, different species (Henderson, 1974; Heiser et al., 
1979; chapter 2 of the thesis). 
Hair position also varies too much to be a useful character. 
 
Leaf margin, apex and base (7, 8, 9) in section Solanum have been described by Edmonds 
and Chweya (1997). Leaf margins range from entire to sinuate-dentate, and leaf bases from 
cuneate, via truncate, to cordate. The leaf apex may be acuminate, acute or obtuse. In the 
present study, we found that the states of these characteristics are not necessarily species 
specific. For example, almost all species exhibit at least two states of these characters with 
the exception of S. umalilaense. Therefore, although sometimes leaf characters such as leaf 
margin are used as the first leads of keys (be it often in combination with other 
characteristics, cf. Henderson (1974)), the fact that this character is highly polymorphic 
needs to be taken into consideration.  
 
Peduncle orientation (10) in section Solanum is either erect or deflexed. S. chenopodioides 
tends to have a deflexed peduncle forming an angle greater than 90º with the stem, all other 
species have an erect (ascending) peduncle forming an angle less than 90º with the stem. 
Peduncle orientation can be influenced by the increasing weight of developing fruit. 
  
Inflorescence type (11) in section Solanum, as for the whole genus, is a terminal scorpioid 
cyme (Knapp, 2001; Spooner et al., 2004). In section Solanum the cyme manifests itself as 
three basic states: 1) a simple umbellate cyme in species with relatively few flowers and 
significant condensation, 2) a simple raceme-like cyme where flowers are relatively 
numerous and there is less condensation, and 3) a forked cyme.  
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Solanum grossidentatum and S. chenopodioides always have a cymose umbellate 
inflorescence and they share a unique character, as the first pedicel is always positioned 
away from the others that clearly form the umbel. Infloresences of Solanum villosum, S. 
nigrum and S. umalilaense are mainly characterized by a raceme-like cyme, which may 
appear condensed in some individuals. Solanum nodiflorum, S. memphiticum and S. 
tarderemotum individuals may have cymose umbellate or raceme-like cymose 
inflorescences. The forked cyme occurs strictly in S. florulentum where it is associated with a 
large number of branches and flowers. Occasionally, some individuals of other species bear 
two types of cymes on the same plant. For example, S. villosum, and S. scabrum may have 
forked cymes in combination with their basic type but the number of branches in these 
species is at most two and therefore cannot be compared with the branching pattern of S. 
florulentum. Therefore, although characters of the inflorescence may be useful in other 
sections in the genus (Knapp, 2001), in section Solanum the inflorescence type is only useful 
for some species. Inflorescence types have not been considered diagnostic in Australian 
material of section Solanum, except for S. opacum (Henderson, 1974), nor in the section 
Petota (Spooner et al., 2004). 
  
Pedicel orientation (12) in section Solanum is dropping, deflexed or erect. Solanum 
nodiflorum and S. scabrum pedicels are either deflexed or erect, the former being the most 
common state in the African species examined. In S. chenopodioides the deflexion is 
extreme and appears dropping. The fact that S. nodiflorum and S. scabrum exhibit two states 
(erect and deflexed pedicle) make the character less useful to separate species with 
deflexed and erect pedicels. However, S. chenopodioides can be separated from other 
species based on pedicel orientation in having a completely different state. Based on pedicel 
orientation, Henderson (1974) recognized two subspecies in S. nodiflorum. This distinction 
was not supported by our AFLP data (chapter 2).  
 
Corolla colour (13) in the African species of section Solanum shows three states: white, 
purple and a mix of these two colours. The observation in the present study that the flowers 
in some species (S. nodiflorum and S. scabrum) can have either colour and that two states 
occur in other species (S. grossidentatum, S. nigrum, S. memphiticum, S. umalilaense and 
S. florulentum) indicates that this character is not species specific. Therefore, although in 
other sections of the genus Solanum and e.g. Petota (Spooner et al., 2004) corolla colour is 
of taxonomic importance, in section Solanum this is probably not the case, although in some 
species (S. nigrum, S. villosum and in S. chenopodioides) the corollas are invariably white. 
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Colour of anthers (14) (when just emerged), according to Edmonds and Chweya (1997), is 
either yellow or brown. In the current study it was found that in S. scabrum anther colour 
varies from yellow through brown to dark brown and anthers of different colours sometimes 
do occur together in the same inflorescence in this species. All other species studied had 
yellow anthers. Colour of the anthers is therefore rather uniform within section Solanum. This 
observation is consistent with the fact that, although it is used in species descriptions, anther 
colour is normally not used in keys (e.g. Edmonds 1972; Henderson, 1974; Edmonds and 
Chweya, 1997; Edmonds 2005; Edmonds, in press a). 
 
Style exsertion (15) is either present or not, and in many cases exserted and non-exserted 
styles are present in the same inflorescence. The species in section Solanum can be divided 
into two groups based on this characteristic: Species with consistently exserted styles (S. 
grossidentatum, S. chenopodioides, S. florulentum and S. umalilaense) and species with a 
mixture of states in different proportions, from rarely exserted in S. nodiflorum to a high 
polymorphism in the same inflorescence in S. scabrum and S. nigrum. No species had all its 
styles not exerted. Style exsertion also has been used to distinguish S. gracilius (= S. 
chenopodioides ; Edmonds and Chweya, 1997) and S. furcatum from S. opacum and S. 
retroflexum (= S. memphiticum) in Australia (Henderson, 1974). 
 
Style posture (16) is another character that can be diagnostic. In section Solanum exserted 
styles can either be geniculate (curved) or not geniculate (straight). Of the species with 
consistently exserted styles only S. florulentum has geniculate styles. Species with a mixture 
of exserted and non-exserted styles also have a mixture of geniculate and straight styles in 
different proportions. Although not much is known about the relationships between the 
position of the style in relation to the anthers and breeding systems in section Solanum, it is 
clear that species that undergo the same mode of breeding system will have their flowers 
modified in the same way (Stebbins, 1970; Ornduff, 1978). It is therefore likely that style 
exsertion and posture may influence the mode of breeding system. Species with the style 
below the ring of anthers are more likely to be self-pollinated than those that have clearly 
exserted styles, since anthers dehisce by oblong pores that often develop into longitudinal 
slits. However, since pedicels are deflexed in all species with exserted styles, such plants are 
still likely to self-pollinate to some extent regardless the position of the style.  
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Sepal position on mature fruits (18) in section Solanum occurs in four states: (1) adherent, 
covering less than a quarter of the fruit (S. umalilaense), (2) adherent or spreading (not 
reflexed), covering at least 1/3 of the fruit (S. nigrum and S. florulentum), (3) adherent and 
acrescent where the calyx is longer, covering more than 3/4 of the fruit (S. grossidentatum 
and S. tarderemotum) and (4) sepals clearly reflexed backwards to the pedicel (S. 
nodiflorum, S. villosum and S. scabrum). Only one accession of S. scabrum had spreading 
sepals. Individuals of this accession cluster apart from all other accessions of S. scabrum 
also in analysis based on AFLP markers (chapter 5).  
Although Henderson (1974) concluded that sepal lobe position was not species-specific, the 
present study indicates that sepal position in mature fruits can be used to distinguish 
species. Solanum americanum and S. nodiflorum which resemble each other and have been 
considered conspecific (Edmonds, 1971, 1972; Edmonds and Chweya, 1979) can be 
differentiated based on the sepal lobe position, as in the former the lobes are adherent or just 
spreading and in the latter they are reflexed (Heiser et al., 1979). 
 
Colour of the ripe fruit (19) in section Solanum ranges from green to greenish yellow, 
yellow, orange or purple/black. Although many species exhibit only one state of this 
characteristic, some species (S. nigrum and S. villosum) exhibit two states in the ripe fruit. 
According to Edmonds (2006; in press a) and Edmonds and Chweya (1997), S. 
tarderemotum and S. americanum also exhibit two states of this characteristic. Fruit colour, 
therefore, is not strictly species specific and therefore can only be used as a secondary 
character. Fruit colour is also a function of the presence of anthocyanins and other 
compounds which can be influenced by environmental factors, and thus it is not completely 
reliable. 
  
Cuticle of ripe fruit (20) in section Solanum is either (1) translucent, such that seeds can be 
seen through the cuticle (S. grossidentatum, S. villosum, S. tarderemotum and S. 
umalilaense), (2) opaque and shiny (S. nodiflorum) or (3) opaque and dull (S. nigrum, S. 
chenopodioides, S. memphiticum and S. florulentum). Solanum scabrum exhibits two states 
of this character (shiny and dull opaque). This observation indicates that in S. scabrum the 
fruit cuticle is not always opaque, as has been described elsewhere (Symon 1981; Edmonds 
and Chweya 1997), but can also be shiny as reported in Australian material (Henderson, 
1974). A shiny cuticle is therefore not only specific for S. americanum as has been 
considered by e.g. D’Arcy (1974) and Schippers (2000). 
 
 
 
Chapter 7 
 124
Fruit fragrance (21) does not feature in many species descriptions of section Solanum in 
Africa (Bukenya and Hall, 1988; Edmonds and Chweya, 1997; Edmonds, 2005; Edmonds, 
2006; Edmonds in press a and b) as it can not be detected on herbarium specimens. 
Henderson (1974), however, has used this character in his keys to species. This character 
divides the African section Solanum species into two groups: those that do not produce 
aromatic smell (S. nodiflorum, S. nigrum, S. memphiticum, S. chenopodioides, S. scabrum, 
and S. florulentum) and those that do (S. grossidentatum, S. tarderemotum and S. 
umalilaense). In the latter group fruits are normally green and, except in S. umalilaense, the 
fruits drop on the ground when ripe. It is likely that fragrance has evolved in these species as 
an adaptation to seed dispersal. Occurrence of fragrance in combination with a green cuticle 
has also been reported in other Solanum species (Knapp, 2001). 
  
Fruit abscission (22) of mature fruits indicates how the fruit is dispersed. In section 
Solanum this character occurs in three states: (1) the fruits remain attached on the plant 
when fully ripe (S. nigrum, S. villosum, S. chenopodioides, S. memphiticum, S. scabrum and 
S. umalilaense, (2) the fruits readily fall with the pedicel (S. grossidentatum, S. florulentum 
and S. tarderemotum), and (3) the fruits fall without the pedicel (S. nodiflorum). Therefore, 
this seems a good diagnostic character at the species level, although according to G. Mwai 
(pers. comm.) some S. scabrum individuals may also exhibit the third state, like S. 
nodiflorum.  
 
Quantitative characters 
In the section Solanum quantitative characters (like the number of flowers or fruits and the 
length and width of leaves, etc.) constitute part of the descriptions, but they are generally 
used in the keys to species only in combination with qualitative characters. Several 
taxonomists (Henderson, 1974; Symon, 1981; Edmonds and Chweya, 1997; Edmonds, 
2005; Edmonds, 2006, in press a) used length of the leaf blade, length of the peduncle, 
length of the pedicel, corolla diameter, style exsertion, anther length, fruit diameter, and calyx 
length in their keys. Ratios of different parts (e.g. sepals/petal, blade length/width, fruit 
width/length) have also been used (Edmonds and Chweya 1997, Edmonds 1978; Olet, 
2004). Our results (table 2) show that all quantitative characteristics (including ratios) can be 
used to distinguish at least one species from others with the exception of blade length/width 
ratio (25) which displays too much overlap among species. Blade length (23) was used to 
distinguish S. chenopodioides from other Argentinean section Solanum species (Morton 
1976).  
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The current study and Olet (2004) found that this characteristic can be used to distinguish S. 
scabrum from other African species although overlap with some species, e.g. S. nodiflorum, 
occurs. Peduncle length (26) divides the studied species into two groups: those with 
peduncles longer than 2.5 cm (S. chenopodioides and S. scabrum) and species with 
peduncles shorter than 2.5 cm (S. grossidentatum, S. villosum, S. memphiticum, S. 
florulentum and S. umalilaense). 
 
However, Solanum nodiflorum, S. nigrum and S. tarderemotum cannot be differentiated from 
either of these two groups, and peduncle length appears to be rather variable in all species.  
Similarly, the use of corolla diameter as a diagnostic character to separate S. nodiflorum 
(there called S. americanum) from other species in Somalia, including S. villosum (Edmonds, 
2006), is supported by the current study. We have found that even petal length (28) and petal 
lobes width (29) can separate S. nodiflorum from S. villosum and other species, though not 
from S. tarderemotum and S. umalilaense. Spooner et al. (2004) found that corolla 
characters were not useful in separating species from different series of the section Petota.  
Although not considered in keys or descriptions, the ratio of the corolla tube length (30) to the 
whole petal length (28) is an informative character (31). This ratio for example, clearly 
discriminates S. nodiflorum, S. tarderemotum and S. umalilaense (in which the corolla tube 
length is about a quarter of the lobes) from S. nigrum, S. villosum and S. florulentum. Style 
length (32), style exsertion (33) and anther length (34) are reasonably useful characters, too. 
For example, based on these three characters, S. chenopodioides can be clearly separated 
from all other species studied. Characters like berry diameter (36) and berry length (37) 
seem to be useful to separate S. scabrum from all other species but this character is also 
variable for this species. Finally, also the berry length/diameter ratio is informative, it 
separates S. villosum from S. grossidentatum and S. scabrum. These characteristics, 
together with peduncle length, leaf length, anther length, berry width and berry diameter were 
also considered useful by Olet (2004).  
Summarizing it can be argued that it is not easy to objectively delimit all species in section 
Solanum without excluding characteristics that are less informative at the species level, 
because they are variable within species.  
 
Conclusion 
 
The purpose of this study was to systematically examine the taxonomic value of 
morphological characters in section Solanum. All characters reviewed in this study have 
been used in descriptions or keys to species in section Solanum in Africa or elsewhere.  
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This study concludes that although at first glance many species may appear different, there 
is only a small set of qualitative and quantitative characters that may be useful to differentiate 
them. Polyploidization is a major evolutionary force behind speciation in the section 
Solanum. It is likely therefore that polyploidization is a very rapid speciation process, there 
has not been enough time for some species to evolve clear morphological differences from 
each other.  
Most importantly, it is also possible that a number of polyploid species share at least one of 
their parents. For a long time taxonomists ascribed the taxonomic complexity in section 
Solanum to polyploidy (Edmonds 1972, Edmonds and Chweya, 1997).  
Characteristics that are not useful at the species level are polymorphic, uniform or plastic and 
overlap between species.  
Based on this study, S. chenopodioides and S. umalilaense are the easiest species to 
distinguish with both qualitative and quantitative characteristics, while S. scabrum is the most 
polymorphic species.  
It can also be concluded that in order to clearly diagnose species of section Solanum both 
vegetative and reproductive characteristics need to be considered. A similar conclusion was 
also reached by Heiser et al. (1979).  
Systematic analysis of character distributions is a prerequisite to species delimitation. The 
larger the sample size the higher the possibility of encountering more polymorphisms as 
seen in S. scabrum and S. villosum in the present study. This, however, is more likely for 
non-diagnostic characteristics and less likely for diagnostic characters. The accumulation of 
a larger sample size is probably not necessary if the interest is only in species delimitation. 
Population size, however, remains important for capturing the polymorphism of species or 
when analyzing character evolution in a particular group.  
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Systematics is the scientific study that deals with grouping individuals or different species 
into taxa based on similarities or differences, to reconstruct the relationship between them, 
and to understand the causes of the observed patterns in time and space. This study was 
conceived to look into the systematics of section Solanum (sometimes referred to as the S. 
nigrum complex) with emphasis on the African species, which are consumed as important 
vegetables. In the course of the study, however, it became clear that some questions could 
only be addressed if material from other geographical areas was included. 
In the previous chapters of this study, taxonomic questions in the section Solanum were 
addressed using 1) AFLP markers, 2) genetics (crossability), and 3) morphological data. The 
taxonomic problems involving species of the same ploidy level were treated separately in 
chapters 2, 3, and 5 and later the same species were analyzed all together in chapter 6.  
The main conclusions reached in each chapter are summarized below.  
 
Solanum americanum and S. nodiflorum  
One of the disagreements between taxonomists involves the distinction between S. 
nodiflorum and S. americanum. The two taxa were combined by Edmonds, a combination 
that reduced S. nodiflorum to a synonym of S. americanum. In chapter 2 this discrepancy 
was studied using AFLP and morphological data on accessions from Africa (including 
Mauritius where S. nodiflorum was described from), Australia, the USA, China, Cuba, India, 
Mexico and Brazil. The present study proposes the separation of the two taxa into their 
former species i.e. S. americanum and S. nodiflorum.  
 
The tetraploid species 
 The chapter on tetraploid species (chapter 3) was centered around the following species: 
Solanum florulentum, S. grossidentatum, S. hirsutum, S. memphiticum, S. retroflexum, S. 
tarderemotum, S. villosum and S. eldorettii, the latter being an unpublished name. In this 
chapter three questions were addressed: 1) the difference between the three forms of S. 
tarderemotum (as described by Olet) and their relationships with S. florulentum, 2) the 
relationships between S. hirsutum, S. grossidentatum and S. retroflexum and 3) whether or 
not the two subspecies formally recognized in S. villosum were supported with AFLP 
markers.  
Results obtained from AFLP, crossability and morphology data showed that among the three 
forms of S. tarderemotum described by Olet, two constituted an introgressed hybrid between 
S. tarderemotum and S. florulentum.  
The remaining one can be distinguished from S. florulentum and might be a good species.  
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However, it was found that this taxon called S. tarderemotum in the current literature did not 
fit Bitter’s original description and therefore it was recommended that this taxon be given a 
new name. Regarding S. hirsutum, S. retroflexum and S. grossidentatum some recent 
studies have suggested that the three taxa are synonymous to S. memphiticum. The current 
study on the contrary, combined only S. retroflexum and S. hirsutum under S. memphiticum, 
but did not support the placement of S. grossidentatum under S. memphiticum.  
The subspecies formally recognized in S. villosum were not supported, but the African and 
European material were clustered as geographically different groups. In the European group 
the two formally recognized subspecies were not separated from each other. This study also 
encountered a novel Solanum species from Umalila, Tanzania, which was described in 
chapter 4.  
 
The genetic diversity in S. scabrum and S. nigrum 
The question whether or not the morphological diversity exhibited by S. scabrum was also 
reflected at the molecular level was investigated in chapter 5. Other questions were whether 
or not the two subspecies formally recognized in S. nigrum and the two proposed in S. 
scabrum by Olet were supported with AFLP markers. In this study S. scabrum individuals 
from the same accession did not always cluster together. The pattern of clustering, therefore, 
showed that genetic variation was higher within accessions than between accessions. 
Similarly, pattern of clustering showed by S. scabrum individuals did not reflect their 
morphological differences reported in some studies nor their geographical origin. 
Morphological differences observed could be explained by farmer’s bidirectional selection for 
either leaves or fruits. Furthermore, the subspecies proposed by Olet on the basis of the 
morphological differences between the cultivated and the wild forms of S. scabrum were also 
not supported. The present study did neither support the formally recognized subspecies in 
S. nigrum i.e. subsp. schultesii and subsp. nigrum, nor those that had been proposed by 
Gbile based on differences in habit and position of style against the anthers.  
 
Relationships between species  
After species delimitations had become clearer, chapter 6 was dedicated to reconstruct 
relationships between species. We found that pattern of clustering in NJ approach was not 
influenced by ploidy levels or number of bands produced by each species, indicating that it 
was not a problem to analyze individuals of different ploidy levels together.  
In the NJ tree S. scabrum, S. nigrum and S. villosum appeared to be the most closely related 
species. Our results support the hypothesis that S. villosum was one of the progenitors of S. 
nigrum.  
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This relationship was further taken also to hypothesize that S. nigrum and S. scabrum shared 
at least one of their progenitors. In this chapter it was also hypothesized that the diploid 
species S. chenopodioides, S. physalifolium and S. tweedianum form a clade of closely 
related diploid species and were distant from other diploids such as S. nodiflorum, S. 
americanum, S. ptycanthum, S. nigrescens and  the unidentified Brazilian Solanum sp. The 
three tetraploid species S. tarderemotum, S. patens and S. grossidentatum were removed 
from the other tetraploid species S. villosum, S. memphiticum, S. florulentum and S. 
umalilaense which appeared to be more closely related to the hexaploid species.  
 
Usefulness of morphological characteristics 
Although morphological characteristics are very useful for classification and identification, it 
has been established that in different groups some characters are more useful than others. 
The purpose of this study was, therefore, to systematically look at the taxonomic value of 
morphological characters commonly used in the taxonomy of the section Solanum. Criteria to 
select which morphological data were more important than others have been presented by 
Davis and Heywood. In chapter 7 it was found that qualitative characteristics such as fruit 
cuticle at maturity (translucent, opaque and shiny, and opaque), fruit fragrance when fully 
ripe, fruit abscission, sepal position against fruit, style posture and style exertions could be 
useful in delimiting species. On the other hand, other characteristics such as stem colour, 
stem ridge, stem dents, hair type, pubescence density, hair position, leaf margin, leaf apex, 
and leaf base commonly varied within species, suggesting that these were not good 
taxonomic characteristics at species level. Concerning the usefulness of quantitative 
characteristics, it was found that only few were taxonomically useful at species level. 
Generally, this study found that characters that were less useful at species level are either 
uniform or too variable and overlapping between species. 
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Sayansi ya ulinganifu (Systematics) ni taaluma ya kisayansi inayopelekea kuweka katika 
makundi mimea au spishi mbalimbali kwa kutegemea mfanano au tofauti zilizoibuliwa, 
kuainisha uhusiano kati ya spishi au makundi hayo, na pia kuelewa sababu zinazosababisha 
kiolezo cha uhusiano unaonekana kwa kuzingatia muda na mahali pa matokeo haya. 
Uchunguzi huu ulibuniwa ili kuangalia mpangilio katika seksheni Solanum (ijulikanyo pia 
kama changamani ya S. nigrum) msisitizo ukiwekwa kwa spishi za Afrika. Wakati utafiti huu 
ukiendelea hata hivyo, ilionekana wazi kuwa baadhi ya maswali yasingeweza kujibiwa bila 
kujumuisha spishi kutoka maeneo mengine ya kijiografia.  
 
Katika sura zilizopita za tasnifu hii, maswali ya uanishaji katika seksheni Solanum 
yalielezewa kwa kutumia 1) vionyesho vya AFLP, 2) unasaba/genetiksi (kwa kuingiliana), na 
3) mofolojia. Matatizo ya uainishaji yanayohusisha spishi zenye ngazi za ploidi 
zinanazolingana yalitafitiwa kipekee katika sura ya 2, 3, 4 na baadaye spishi hizo kwa ujumla 
wake zilichanganuliwa kwa pamoja katika sura ya 6. Hitimisho kuu zizofikiwa katika kila sura 
zimetolewa kwa muhtasari hapa chini. 
 
Solanum americanum na S. nodiflorum 
Mojawapo ya mambo ambayo wana nadharia ya uainishaji wamekuwa hawakubaliani ni 
kama S. nodiflorum na S. americanum ni spishi moja au spishi tofauti. Taxa hizi mbili 
ziliunganishwa kuwa moja na Edmonds, muunganiko ambao uliishusha S. nodiflorum kutoka 
kuwa spishi na kufanywa kisawe cha S. americanum. Katika sura ya pili tofauti hizi 
ziilichunguzwa kwa kutumia AFLP na data za mofolojia kwa kutumia mimea kutoka Afrika 
(ikijumuisha Mauritius ambako mmea uliotumika kutoa wasifu wa S. nodiflorum ilipatikana 
mara ya kwanza), Australia, Marekani, China, Cuba, India, Mexico na Brazil. Ilidhihirika 
katika utafiti huu kwamba S. americanum kutoka Marekani ilikuwa spishi tofauti na S. 
nodiflorum spishi ambayo inapatikana sehemu nyingi duniani. Hivyo utafiti huu 
unapendekeza kutengenishwa taxa hizi mbili kwenye spishi za awali yaani S. americanum 
na S. nodiflorum. 
 
Spishi zenye ngazi nne za ploidi (tetraploid) 
Sura inayohusu spishi zenye ngazi nne za ploidi (sura ya tatu) ilijikita katika spishi zilizokuwa 
zikijulikana kwa majina yafuatayo: Solanum florulentum, S. grossidentatum, S. hirsutum, S. 
memphiticum, S. retroflexum, S. tarderemotum, S. villosum na S. eldorettii, la mwisho likiwa 
jina ambalo halijachapishwa rasmi.  
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Katika sura hii maswali matatu yalitafutiwa ufumbuzi: 1) tofauti kati ya aina tatu za S. 
tarderemotum (kama zilivyoainishwa katka utafiti wa Olet) na mahusiano yake na spishi 
nyingine; Solanum florulentum, 2) mahusianao kati ya: S. hirsutum, S. grossidentatum na S. 
retroflexum, 3) na kuangalia kama spishi ndogo mbili zijulikanazo katika S. villosum zilikuwa 
zikiridhiwa na data vya AFLP. 
Matokeo yaliyopatikana tokana na data za AFLP, kuchanganya kimbegu na data za 
mofolojia yalionyesha kwamba miongoni mwa aina tatu za S. tarderemotum zilizoelezewa na 
Olet, mbili zilikuwa nasaba ya pekee iliyotakana na mwingiliano kati ya S. tarderemotum na 
S. florulentum na baadaye nasaba hii kuingilana na S. florulentum. Aina iliyobaki (kati ya tatu 
za S. tarderemotum) ndiyo pekee inayoweza kutofautishwa na S. florulentum na inaweza 
kuwa spishi kamili. Hata hivyo ilionekana pia kwamba taxon hii ambayo ndio hujulikana kama 
S. tarderemotum katika marejeo ya sasa kwa sifa zake hailingani na uchanganuzi wa awali 
wa spishi hii uliofanywa na Bitter hivyo ilipendekezwa kuwa taxon hii ipewe jina jipya. 
Mintarafu S. hirsutum, S. retroflexum na S. grossidentatum baadhi ya tafiti za hivi karibuni 
zimependekeza kwamba taxa hizi tatu kwa pamoja ni kisawe cha spishi inayoitwa S. 
memphiticum. Utafiti wa huu tofauti na tafiti za awali, unajumuisha S. hirsutum na S. 
retroflexum chini ya S. memphiticum, lakini haukuridhia kuwekwa kwa S. grossidentatum 
chini ya S. memphiticum bali unaitambua kama spishi tofauti.  
 
Spishi ndogo mbili ambazo zilizotambuliwa rasmi chini ya S. villosum hazikuridhiwa katika 
utafiti huu, badala yake mimea iliyotoka Afrika na Ulaya iligawanyika katika makundi mawili 
kutegemeana na mahali ilikotoka kijiografia; Afrika kwa upande mmoja na Ulaya kwa upande 
mwingine. Katika kundi la Ulaya ambako spishi ndogo za S. villosum hupatikana mimea 
inayotambuliwa kuunda spishi hizi ndogo haikuweza kutenganishwa kuakisi spishi hizo 
ndogo. Utafiti huu pia uligundua spishi mpya ya Solanum kutoka Umalila, Tanzania, ambayo 
wasifu wake umetolewa katika sura ya 4. 
 
Namna anwai za nasaba za kijinetiki katika S. scabrum na S. nigrum  
Swali kwamba au la maumbile anwai ya kimofolojia yaliyoonyeshwa na S. scabrum 
yameakisiwa hata kwenye molekuli yalichunguzwa katika sura ya 5. Maswali mengine 
yalikuwa kwamba au la spishi ndogo mbili awali zikijulikana katika S. nigrum na mbili 
zilizopendekezwa katika S. scabrum na Olet ziliridhiwa na vipimo vya AFLP. Katika utafiti 
huu mimea ya S. scabrum iliyotokana na nasaba moja haikujumuika katika kundi moja kila 
wakati japo kila nasaba iliwakilishwa na mimea aghalabu mitatu. Kwa hiyo, mwelekeo wa 
ujumuishwaji ulionyesha kwamba tofauti ya nasaba ilikuwa kubwa miongoni mwa asilia 
kuliko kati ya asilia.  
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Vile vile, mwelekeo wa ujumuishwaji wa kimahusiano ulioonyeshwa na mimea ya S. scabrum 
haukuakisi tofauti za kimofolojia yaliyokwisha ripotiwa katika baadhi ya tafiti wala asili mimea 
hii kijiografia.  
Kwa hiyo tofauti za kimofolojia zilizoonekana zinawezwa kuwa zimesababishwa na chaguzi 
za wakulima zenye mielekeo miwili; kwa ajili ya matunda au majani kama mboga.  
Pia, spishi ndogo zilizopendekezwa na Olet kwa vigezo vya tofauti za kimofolojia kati ya aina 
ya S. scabrum inayolimwa na ile ya mwituni hazikuridhiwa. Utafiti huu pia haukuridhia spishi 
ndogo zilizojulikana kwenye S. nigrum yaani spishi ya schultesii na nigrum wala zile za 
zilizopendekezwa na Gbile kwa vigezo vya tofauti ya sifa za ukuaji na nafasi ya Chavulio 
ikilinganishwa na sehemu Staili ilipo katika ua.  
 
Mahusiano ya kinasaba kati ya spishi 
Baada ya kutambua mipaka kati ya spishi sura ya 6 ilishughulika na kuunda uhusiano wa 
kinasaba baina ya spishi. Tuligundua kwamba makundi ya kiuhusiano yaliyopatikana 
kutokana na njia ya Neighbour Joining hayakutegemea ngazi ya ploidi au namba ya vipande 
vya AFLP vilivyozalishwa na kila spishi, ikionyesha kwamba haikuwa tatizo kuchanganua 
spishi zenye ngazi tofauti za ploidi kwa pamoja. 
Katika njia ya mchanganuo kwa Uunganishaji wa Karibu (NJ) spishi za S. scabrum, S. 
nigrum na S. villosum zilionekana kuwa ni spishi zenye uhusiano wa karibu zaidi. Matokeo 
yetu yanaridhia nadharia - tete kwamba S. villosum ilikuwa ni moja ya nasaba za awali za S. 
scabrum. Uhusiano huu ulichukuliwa pia kuelezea nadharia - tete kwamba S. nigrum na S. 
scabrum zilikuwa spishi ambazo zinachangia walau moja ya nasaba asili. Katika sura hii pia 
ilitolewa nadharia – tete kwamba spishi za ngazi mbili za ploidi (diploid); S. chenopodioides, 
S. physalifolium na S. tweedianum zinaunda kundi moja la spishi zenye ngazi mbili za ploidi 
zinazohusiana sana. Spishi hizi ilionekana kuwa hazina uhusiano wa karibu na spishi 
nyingine zenye ngazi mbili za ploidi kama vile S. nodiflorum, S. americanum, S. ptycanthum, 
S. nigrescens na spishi ya ki-Brazili Solanum sp. ambayo jina lake halikuweza kufahamika. 
Spishi tatu za ngazi nne za ploidi (tetraploid) S. tarderemontum, S. patens na S. 
grossidentatum pia zilijitenga sa spishi nyingine za ngazi nne za ploidi ambazo ni S. villosum, 
S. memphiticum, S. florulentum na S. umalilaense ambazo zilionekana kuwa na mahusiano 
ya karibu ya kinasaba na spishi za ngazi sita za ploidi (hexaploid). 
 
Umuhimu wa sifa za kimofologia  
Japokuwa sifa za kimofolojia hunatumika sana katika uanishaji na utambuzi, 
imekwishadhibitishwa kwamba katika makundi mbalimbali ya mimea baadhi ya sifa hizi zilifaa 
sana kutumika kuliko nyingine.  
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Hivyo kusudi la utafiti huu ilikuwa kuangalia kwa ulinganifu thamani/umuhimu wa sifa tofauti za 
kimafolojia ambazo mara nyingi zimetumika katika uainishaji wa spishi katika seksheni ya 
Solanum. Vigezo vya kuchagua data gani za mofolojia ni muhimu kuliko nyingine zimetajwa na 
Davis pamoja na Heywood.  
 
Katika sura hii ya saba iligundulika kwamba sifa za kiubora kama vile ganda la tunda lilioiva 
(kupitisha mwanga kidogo, kutokupitisha mwanga kabisa, au kung’aa), harufu ya tunda lililoiva 
kikamilifu, namana tunda linavyopogoka au kutopogoka, sepali zilivyokaa dhidi ya tunda na 
uelekeo wa staili na kuchomoza kwa staili juu ya chavulio zinaweza kutumika kutofautisha 
spishi.  
 
Kwa upande mwingine, sifa nyingine kama vile tofauti katika rangi ya shina, mgongo katika 
shina, vibonyeo katika shina, aina ya vinywelea, msongamano wa vinywelea, nafasi ya 
vinywelea, na tofauti katika kingo za jani, ncha ya jani na kitako cha jani vilitofautiana ndani ya 
spishi, kuonyesha kwamba hazikuwa sifa nzuri za kutumika kutofautisha spishi moja na 
nyingine. Kuhusiana na matumizi ya sifa zinazoweza kupimika, iligundulika kwamba chache tu 
kati ya sifa hizi ndizo zinaweza kutofautisha baina ya spishi moja na nyingine. Kwa ujumla utafiti 
huu uligundua kuwa sifa za kimofolojia ambazo hazifai kutumika kutofautisha spishi zilikuwa ni 
zile zenye maumbile mengi tofauti, zinazofanana kati ya spishi au zenye tabia ya kiplastiki hivyo 
kuingiliana kati ya spishi.  
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Systematiek is de wetenschappelijke studie die zich bezighoudt met de indeling in groepen 
van individuen, of van verschillende soorten, gebaseerd op overeenkomsten of verschillen. 
Het doel daarvan is de onderlinge verwantschap te bepalen en de achtergrond, in tijd en 
ruimte, te begrijpen van de waargenomen patronen. Deze studie is opgezet om de 
systematiek van de sectie Solanum ( soms ook wel het S. nigrum complex genoemd) nader 
te bekijken waarbij de nadruk ligt op de Afrikaanse soorten waarvan een aantal als 
belangrijke groente geconsumeerd wordt. 
In de loop van het onderzoek werd echter duidelijk dat sommige vragen alleen konden 
worden beantwoord als ook materiaal van andere geografische gebieden erin opgenomen 
zou worden. 
In de voorgaande hoofdstukken van deze studie zijn taxonomische vraagstukken in de sectie 
Solanum aangepakt door gebruik te maken van 1) AFLP merkers, 2) erfelijkheid 
(kruisbaarheid), en 3) morfologische gegevens. 
De taxonomische problemen in samenhang met soorten van hetzelfde chromosoom aantal 
werden apart behandeld in de hoofdstukken 2, 3, en 5. Later zijn in hoofdstuk 6 dezelfde 
soorten samen geanalyseerd. De belangrijkste conclusies uit elk hoofdstuk worden hierna 
samengevat. 
 
Solanum americanum en S. nodiflorum 
 
Een van de punten waarop taxonomen het oneens zijn is het onderscheid tussen S. 
nodiflorum en S. americanum. De twee taxa werden door Edmonds samengevoegd. Deze 
samenvoeging bracht S. nodiflorum terug tot een synoniem van S. americanum. In hoofdstuk 
2 is dit verschil bestudeerd met gebruikmaking van AFLP en morfologische gegevens. Er 
werden accessies gebruikt afkomstig uit Afrika (met daarbij accessies uit Mauritius, de plaats 
vanwaar S. nodiflorum beschreven is), Australië, de Verenigde Staten, China, Cuba, India, 
Mexico en Brazilië. Op grond van de huidige studie wordt daarom dan ook voorgesteld de 
twee taxa op te splitsen in de vroegere soorten S. americanum en S. nodiflorum. 
 
De tetraploide soorten 
 
Het hoofdstuk wat gaat over de tetraploide soorten (hoofdstuk 3) is opgezet rond de 
volgende soorten: Solanum florulentum, S. grossidentatum, S. hirsutum, S. memphiticum, S. 
retroflexum. S. tarderemotum, S. villosum en S. eldorettii, de laatste zijnde een niet 
gepubliceerde naam.  
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In dit hoofdstuk is een drietal vraagstukken aangepakt: 1) het verschil tussen de drie vormen 
van S. tarderemotum (zoals beschreven door Olet) en hun verwantschap met S. florulentum, 
2) de verwantschappen tussen S. hirsutum, S. grossidentatum en S. retroflexum, en 3) in 
hoeverre wordt het bestaan van twee ondersoorten in S. villosum ondersteund door AFLP 
merkers. 
Verkregen AFLP resultaten, kruisbaarheid en morfologische gegevens lieten zien dat er 
onder de drie door Olet beschreven vormen van S. tarderemotum er twee bestonden uit een 
soortskruising  tussen S. tarderemotum  en S. florulentum. De overgebleven vorm kan van S. 
florulentum onderscheiden worden en is wellicht een echte soort. Echter, er is gevonden dat 
dit taxon in de huidige literatuur S. tarderemotum genoemd, niet overeenkomt met Bitter’s 
oorspronkelijke beschrijving en het is daarom aan te bevelen dit taxon een nieuwe naam te 
geven. 
Sommige recente studies hebben verondersteld dat met betrekking tot S. hirsutum, S. 
retroflexum en S. grossidentatum de drie taxa synoniemen zijn van S. memphiticum, maar 
de huidige studie ondersteunent de plaatsing van S. grossidentatum onder S. memphiticum 
niet. 
Het bestaan van de twee ondersoorten van S. villosum werd niet ondersteund, wel vormden 
het Afrikaanse en Europese materiaal twee afzonderlijke geografische groepen. In de 
Europese groep waren de twee ondersoorten niet van elkaar gescheiden. Deze studie heeft 
ook een nieuwe Solanum soort uit Umalila, Tanzania, opgeleverd. De soort werd beschreven 
in hoofdstuk 4. 
 
De genetische variatie in S. scabrum en S. nigrum 
 
De vraag of de morfologische verscheidenheid die S. scabrum liet zien al dan niet 
weerspiegeld werd op moleculair niveau, werd onderzocht in hoofdstuk 5. Andere vragen 
waren of aanwezigheid van de twee ondersoorten in S. nigrum en de twee door Olet 
voorgestelde ondersoorten in S. scabrum al dan niet werden ondersteund met AFLP 
merkers. In deze studie vormden S. scabrum individuen van hetzelfde accessie niet altijd 
een groep. Het patroon van groepering liet zien dat de genetische variatie binnen een 
accessie groter was dan tussen accessies. Op dezelfde manier liet het patroon zien dat de 
groepering van S. scabrum individuen niet overeenkwam met de morfologische verschillen 
zoals gemeld in sommige studies, ook was er geen overeenkomst met de geografische 
afkomst. De waargenomen morfologische verschillen kunnen verklaard worden omdat 
boeren selecteren op bladproductie dan wel op besproductie. Vervolgens werden de, door 
Olet op grond van morfologische verschillen tussen gekweekte en wilde vormen van S. 
scabrum voorgestelde ondersoorten, ook niet ondersteund.  
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De huidige studie ondersteunde evenmin de ondersoorten in S. nigrum zoals subsp. 
schultesii en subsp. nigrum als ook die, die voorgesteld werden door Gbile op basis van 
verschil in groeivorm en positie van de stijl ten opzichte van de meeldraden. 
 
Verwantschap tussen de soorten 
 
Nadat het onderscheid tussen de soorten wat duidelijker was geworden werd hoofdstuk 6 
opgezet om de verwantschap tussen de soorten te reconstrueren. We vonden dat het 
patroon van groepering in een Neighbour Joining (NJ) benadering niet werd beïnvloed door 
het chromosoom aantal of het aantal door iedere soort geproduceerde banden. 
Dit laat zien dat het geen probleem is soorten met verschillende chromosoom aantallen 
samen te analyseren. 
In de NJ boom blijken S. scabrum, S. nigrum en S. villosum de meest nauw verwante 
soorten te zijn. Onze resultaten ondersteunen de veronderstelling dat S. villosum een van de 
voorouders van S. nigrum was. Deze verwantschap leidde tot de veronderstelling dat S. 
nigrum en S. scabrum op zijn minst één van hun voorouders delen. In dit hoofdstuk werd ook 
verondersteld dat de diploide soorten S. chenopodioides, S. physalifolium en S. tweedianum 
een tak vormen van nauw verwante diploide soorten, dit op afstand van andere diploiden 
zoals S. nodiflorum, S. americanum, S. ptycanthum, S. nigrescens en de niet 
geïdentificeerde Braziliaanse Solanum soort. Ook was er een afstand tussen de drie 
tetraploide soorten S. tarderemotum, S. patens en S. grossidentatum en de andere 
tetraploide soorten S. villosum, S. memphiticum, S. florulentum en S. umalilaense die 
nauwer verwant aan de hexaploide soorten leken te zijn. 
 
Het nut van morfologische kenmerken 
 
Hoewel morfologische kenmerken erg nuttig zijn voor ordening en identificatie is het 
vastgesteld dat in verschillende groepen sommige karakters meer bruikbaar zijn dan andere. 
Daarom was het doel van dit onderzoek systematisch te kijken naar de taxonomische 
waarde van de morfologische kenmerken die meestal in de taxonomie van de sectie 
Solanum gebruikt werden. Davis en Heywood hebben criteria aangedragen om 
morfologische kenmerken op hun belangrijkheid te selecteren. In hoofdstuk 7 kwam naar 
voren dat kwalitatieve kenmerken zoals de toestand van de vruchthuid ten tijde van de rijping 
(doorschijnend, ondoorzichtig en glanzend, glanzend), de geur wanneer de vrucht helemaal 
rijp is, het loslaten van de vrucht, de positie van de kelkbladeren ten opzichte van de vrucht, 
de vorm van de stijl en de mate waarin de stijl al dan niet boven de meeldraden uitsteekt, 
nuttig konden zijn om soorten te onderscheiden. 
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Van de andere kant varieerden kenmerken zoals stengelkeur, de aanwezigheid of 
afwezigheid van al dan niet getande stengelvleugels, soort haren, dichtheid van de beharing, 
positie van de haren, vorm van bladrand, bladpunt en blad basis, zodanig binnen de soort, 
dat verondersteld werd dat dit geen goede taxonomische kenmerken op soortniveau zijn.  
Met betrekking tot het nut van kwantitatieve kenmerken kwam naar voren dat enkel een paar 
op soortniveau taxonomisch bruikbaar waren. In het algemeen heeft deze studie aangetoond 
dat kenmerken die weinig bruikbaar zijn op soortniveau, of te weinig of te veel variatie 
vertonen, en daarbij overlap tussen de soorten laten zien. 
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  For legend see chapter 3. 
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Solanum umalilaense
A14750161 Solanum villosum subsp. miniatum 964750060 Solanum patens
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
